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(57) Abstract 

A method for preparing and isolating a transfor- 
mation vector containing CSF/cDNA. The method 
comprises: preparing RNA from a cell that produces 
CSF; preparing polyadenylated messenger RNA from 
said RNA; preparing single stranded cDNA from said 
messenger RNA; converting the single stranded 
cDNA to double stranded cDNA; inserting the double 
stranded cDNA into transformation vectors and trans- 
forming bacteria with said vector to form colonies ; 
picking pools of 200 to 500 colonies each and isolating 
plasmid DNA from each pool; transfecting the plas- 
mid DNA into suitable host cells for expressing CSF 
protein; culturing the transfected cells and assaying 
the supernatant for CSF activity; and selecting CSF 
positive pools and screening the colonies used to make 
the pool to identify a colony having CSF activity. Also 
described are a cDNA coding for a protein having 
CSF activity (i.e. CSF/cDNA), a microorganism or cell 
line transformed with a recombinant vector containing 
such CSF/cDNA, and a method for producing CSF 
protein by expressing said CSF/cDNA by culturing a 
microorganism or, cell , Hne^.„ The. invention, also . pro-, 
vides a method of purifying the CSF proteins and the 
purified proteins so produced. 
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LYMPHOKINE PRODUCTIOM AND PURIFICATION 

Field of the Invention 

This invention relates to the production of a protein 
having the ability to stimulate the growth and differentiation 
of primate hematopoietic progenitor cells, in particular 
colony stimulating factor (CSP). The invention in one aspect 
provides a method for producing CSF protein by recombinant 
DNA techniques, to vectors containing the gene for expressing 
said protein, to microorganisms and cell, lines transformed 
with said vectors and to CSF protein thus produced. In a 
second aspect, the invention provides a. method foe isolating^ 
and purifying CSP protein, from either natural or recombinant 
sources, and thus purified CSF protein having a degree of 
purity and level of activity well above any that has bisen 
previously reported. 

Backarount^ of bht » Tnvention 

The many different cell types found in blood are all derived 
from pluripotent hematopoietic stem cells. Stem cells perform 
two functions: (1) they reproduce themselves, thereby 
maintaining a stem cell population in the body and (2) they 
provide progeny cells committed to differentiate into any of the 
mature blood cell types. The cell which is committed to 
differentiate along a particular hematopoietic pathway is termed 
a progenitor cell. Progenitor cells f ox .T..lymphocy.tes,. 3 
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lynphocytea, granulocytes, ced blood cells, platelets, and 
eosinophils, as well as earlier progenitors which can 
individually give rise to several of tiie mature cell types, have 
been studied experimentally both in vivo and in vitro (Dexter, 
•f.M. 1983 J. pathology lii 415-433). It has been determined in ^ 
vitro that proliferation and/oc differentiation of each 
progenitor cell type depends upon specific "factors- which have ' 
-ceen derived froat various sources. For exaople, the later 
progenitors of red blood cells require a factor called 
erythropoietin. The factors required for survival, proliferation 
and differentiation of the myeloid progenitors connitted to fora 
isature neutrophilic granulocytes, monoci'tes and mature 
macrophages are called colony stinularing factors (CSPsJ . 

CSP activity has been studied extensively in the mouse. 
Most adult mouse organs produce CSP activity. However, " 
compositions containing CSP activity that have been obtained from 
various tissues and by various methods appear to differ in their 
biochemical characteristics. Thus, the structural relationships 
between the different factors remain unknown. Purthermore, CSP 
activity appears to act at more than one step of. granulocyte and 
macrophage development, and again it has been uncertain whether a 
single factor is responsible for all of the observed activities 
or whether a different factor acts at each step. (Burgess, A. 
and Metcalf , D. 1980 Blood 5£. 947-95Z) . 

Human CSP active has been obtained from placenta, certain ^ 
fetal tissues, macrophages, and stimulated T cells. A line of T 
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cells <Mo) that produces one or more potent CSP activities was 
established from a patient with a T cell variant of hairy cell 
leukaemia (leukaemic reticuloendotheliosis) (Golde et al 1978 

Blood i2 1068-1072) . 

The ability of CS activity to stimulate granulocyte and 
macrophage production indicated that pharmaceutical compositions 
having CSP activity are clinically useful in situations where 
increased production of these (myeloid) cell types is required. 
Indeed, several patients with extremely high levels of apparently 
normal circulating granulocytes have been shown to have tumors 
which over-produce CSP* In one case, upon surgical removal of 
the tumor, the granulocyte count rapidly declined towards a 
normal level, strongly suggesting that CSP may be useful in 
regulating the numbers of circulating granulocytes, (Hocking, 
W,, Goodman, J., and Golde, D. filflfid 11 600 (1983)). In " 
particular, CSP compositions are useful clinically for the 
treatment of myelo-suppression caused by chemotberapeutical or 
irradiation treatment of cancer. In addition, CSP compositions 
are useful in treating severe infections because CSP can inccaase 
and/or activate the number of granulocytes and/or monocytes. 

There are various different types of. known CSP activities, 
including granulocyte. CSF (G-CSF) , macrophage-CSP (M-.CSP) , 
granulocyte-macrophage CSF (GM-CSF) and multi-CSP. The present 
invention is oacticularly concerned with GM-CSF, CSF proteins 
are known from various animal sources. However, the present 
invention is particularly concerned with primate CSF, more 
particularly hunian'CSF and ape CSF. ■ : - 
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Biological and biochemical characterization of compositions 

having CSP activity, and study of thesia compositions in the 

clinical setting have been hampered to date by the. scarcity and 

impurity of human and/or other primate CSF compositions. It can , 

be appreciated that it would be desirable to identify the protein 

or proteins responsible for CSP activity. Furthermore, it would • 

be desirable to have a primate, preferably human source of such 

CSP that could readily supply these proteins in quantities and 

purity sufficient for biological and biochemical characterization 

and for use as therapeutic agentSj. 

Kecwtiy developed techniques of molVculVt cloning make it 

possible to Clone a nucleotide sequence which encodes a protein 
and to produce that protein in quantity using a suitable 
host-vector system Kaniatis, T. Mnloml ^ r rioninn • ft T.abgratQgY 
Manual cold spring Harbor Laboratory, Cold Spring Harbor, N.Y. 
1982) . The protein can then be recovered by known separation and 
purification techniques. Cloning methods which have been used to 
date can be grouped into three general categories: (D methods 
. based upon knowledge of the protein structure, for example, its 
amino acid sequence, (2) methods based upon identification of 
the protein expressed by the cloned gene using an antibody 
specific for that protein; and (3) methods based upon 
identification of an RNA species which can be translated to yield 
the protein or activity encoded by. the gene .of interest. 
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Each of these classes of methods becomes difficult to 
apply when the protein of interest, such as CSF protein, 
is available in very low amount. Thus, if it is difficult 
to obtain an adequate quantity of purified protein, then 
it is difficult to determine the amino acid sequence or even 
partial sequences of the protein. Similarly, identification 
of an expressed protein by antibody binding is preferentially 
carried out using a high- titer monospecific polyclonal anti- 
serum. Such an antiserum cannot be obtained, in the absence 
of quantities of the pure protein (antigen). A monoclonal 
antibody offers an alternative approach, but the required 
antibody can also be difficult to obtain In the absence- 
of suitable antigen, and such monoclonal antibody may not react 
with th« protein in the form in which the protein is expressed by 
available recombinant host-vector systems. Finally, translation 
of an RNA species to yield an identifiable protein or activity 
requites that the RNA in question be present i.n the RSA source in 
sufficient abundance to give a reliable protein or activity 
signal. The relative abundance of an RMA encoding a paxsicular 
protein generally parallels the abundance of the protein, so that 
a tare protein is usually encoded by a rare ciR!<A. 

The iMo cell line has been used both aa a starting aaterial 
for purifying human CSPs and for identifying the corresponding 
messenger RNAs. However, even with this relatively good source 
of CSP activity, it has proved to be extremely difficult to 
isolate enough of the protein for structural studies. 

In order to overcome the problems inherent in cloning the 
nucleotide sequence encoding a care protein such as CSF by the. 
methods descriced above, a novel methed was developed- This 
method requires only that the gene product or .its activity can be 
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reliably measured. Suitable methods of CSP assay are described 
in Example 2 hereinafter. In a second aspect, a purification 
process has been developed which enables the CSF protein 
to be isolated and purified from either recombinant or natural 
sources in a level of purity and activity much higher than 
was previously possible. 




In its first aspect the present invention overcomes 
the problems of the prior art and provides a ready source 
of protein having CSF activity using recombinant ONA technol- 
ogy, in accord with the present invention, a novel cloning 
technique that requires only an assay for CSF acitivity is- 
utilized to clone cDNA coding for a protein having CSr 
activity. Thus, the present invention provides a cONA 
coding for a protein having CSF activity (i.e. CSF/cdna) , a 
microorganism or cell line transformed with a recombinant vector 
containing such CSF/cDNA, and a method for producing CSF protein 
by expressing said CSF/cDNA by culturing a microorganism or cell 
line. Because the CSF protein is produced from a clone in accord 
with the present invention, we can be sure that it is a protein 
that has CSF activity. The invention further comprises a method 
for preparing and isolating a transformation vector containing 
CSF/cDNAr said method comprising: 

preparing RNA from a cell that produces CSF; 
preparing polyadenylated messenger RNA from said RNA? ^ 
preparing single stranded cDNA from said messenger RNA;^ 
converting the single stranded cDNA to double stranded 

CDNA; 
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inserting the double stranded cDNA into transformation 
vectors and transforming bacteria with said vector to form 
colonies; 

picking pools of 200 to 500 colonies each and isolating 

plasoid DNA from each pool? 

transfecting the plasmid DNA into suitable host cells 

for expressing CSP protein; 

culturing the transfected cells and assaying the 

supernatant for CSP activity; and 

selecting CSF positive pools and screening the colonies 
used to make the pool to identify a colony having CSP activity. 

The CSP proteins of: this invention are growth and 
differentiation hormones for the cells o£ the myeloid system* 
They are for example indicated for use clinically for the 
treatment ot myelo-suppression especially <syrapotomatic) 
granuiocyto-penia following cheraotherapeucical or irradiation 
treatment of cancer. 
Brief Description of the Drawings 

Pig. 1 illustrates DNA sequences that code for a CSP 
protein in accord with the present invention. The DNA sequence set 
out in full codes for one variation of human CSP, referred to as 
CSP-Thr. Another allele codes for' an identical product except- 
that Thr at position numbered' loo is replaced by lie (CSP-Ile) . 
The changes illustrated above for the human sequence are for 
differences in the DNA sequence coding for gibbon CSF (CSP 
of the Gibbon ape)(CSF-G). Deduced amino acid sequences are 

. also illustrated. 

Pig.. 2 is a schematic illustrating the preparation ot 

plasmid pTPL from plasmid pAdD26SVpA{ 3 ) . 

Pig. 3 is a schematic continuing from Fig. 2 and 
' illustrating --the ^ "of plasmid p9L033- from plasmid 

pTPL. 

Pig. 4 L3 a schematic continuing from Fig. 3 and 
illustrating plasmid p91023{B). 
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Fig. 6 is a schematic representation of vector pTALC-L85R. 
Fig. 7 is a schematic representation of vector AJ-14. 

■ -I' • ■ 

netailed Description of the Process 

The following definitions are supplied in order to 
faciliate the understanding of this case. To the extent that 
the definitions vary from meaning circulating within the art, *e 

definitiona below are to control. 

Amplification means the process by- which cells produce gene 
repeats within their chromosomal DNA. 

CSF is * biological activity defined by the assays as 

described herein. 

CSP protein is a protein frcn a primate source that exhibits 
CSF activity. For purposes of the present invention the term CSF 
protein includes modified CSP profcei.i, alleleic variations of CSF 
proteiiw and CSF protein preceded by a MET residue. 

Downstream means the direction going towards the 3« end of a 

nucleotide sequence. 

An enhancer is a nucleotide sequence that can' potentiate the 
transcription of a gene independent of the position of the 
enhancer in relation to the gene or the orientation of the 
sequence. 

A gene is a deoxy ribonucleotide sequence coding for a given 
protein. For the purposes herein, a gene shall not include 
untranslated flanking regions such as RNA transcription 
initiation signals, polyadenylation addition sites, promoters or 

enhancers. 

Ligation is the process of forming a phosphodi ester bond 

between the S« and 3» ends of two DNA strands. This may be 
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accomplished by several well known enzymatic techniques, 
including blunt end ligation by T4 ligase. 

Orientation refers to the order of nucleotides in a DNA 
sequence. An inverted orientation of a DNA sequence is one in 
which the 5* to 3' order of the sequence in relation to another 
sequence is reversed when compared to a point of reference in the 
DNA from which the sequence was obtained. Such points of 
reference can include the direction of transcription of other 
specified DNA sequences in the source DNA or the origin of 
replication of replicable vectors containing the sequence* 
Transcription means the synthesis of RMA from a DNA 

template. 

Transformation means changing a cell's genotype by the 
cellular uptake of exogenous DNA. Transformation may be detected 
in some cases by an alteration in cell phenotype. Transformed 
cells are called transf ormants. Pre-transf ormation cells are 
referred to as parental cells. 

Translation means the synthesis of a polypeptide from 
messenger RNA. 

Colony-stimulating factor activity (CSF) can be derived from 
a number of cellular sources including conditioned medium from 
peripheral blood mononuclear cells r lung and placental tissue, 
and bone marrow, urine from anemic patients, serum, and normal 
and neoplastic cells of T-lymphocyte and mononuclear phagocyte 
lineage. One cell line that produces CSF is the Mo cell line 
deposited with and available from ATCC under the code number 
CRL8066. The CSF produced by this cell line is known as granulocyte 
macrophage CSF (or GM-CSF) and it is of course a human CSF. 
One source of Gibbon CSF is -the' T-cell line designated UCD MLA- 
144 and deposited with and available from the ATCC under code 
number HB 9370 deposited September 29, 1983. 
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In order to isolate a CSP clone in accord with the present 
invention, a novel procedure was used that requires only an assay 
technique for CSF activity. First, a cell that produces CSF 
activity such as T-lymphocyte cells (or other sources such as set 
forth above) is identified. The mRNA of the cell is then 
harvested. Preferably, T-lymphocyte cells are used. In such 
case the membrane bound mRNA, which contains the mRNA for 
lymphokines, is separated from free mRNA in the cells. This 
separation is believed to enrich the collected mRNA 5-10 times 
for lymphokine sequences and thus reduces the effort involved in 
identifying the desired CSP done. Polyadenylated messenger RNA 
is then prepared by chromatography on oligo dT cellulose* 

A cDNA library is prepared from the mRNA using a vector 
suitable for transfection into a host to express the desired 
protein having CSP activity. Pifst, sttini cDNA is prepared using 
standard methods using the mRNA prepared above. The iaiA/cONA 
hybrid i^. then converted to double-stranded cDNA form. The cONA 
can then be Inserted into a suitable vector. 

The preferred host-vector system for the isolation of a CSP 
clone is based on expression of the CSF cONA in a suitable 
transformation vector. A suitable transformation vector can rely 
on the transient introduction of DNA into mammalian cells 
(Mellon, P., V. Parker, Y. Gluzman, T. Maniatis 1981 Cell 21 
279-288). in order to isolate the desired CSP transformants, it 
is not required that all cells of the population stably contain 
exogenous genes that express the desired CSP product. It is 
possible to transiently introduce exogenous genes into a 
subpopulation of cells such that the subpopulation will express 
the desired product over a period of several days. Because a 
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selectable marker is not required in the transformation vector 
for the DNA transfection and expression system in accord with the 
present invention, the exogenous DNA can be lost upon growth of 
the cells over a 1-2 week period. However r 2-3 days after 
transfection of suitable mammalian cells , the desired products^ 
are. found to be synthesized and can be detected. 

The host-vector system of choice is based on the development 
of CV-1 monkey cell lines transformed with a 

replication-origin-defective SV40 ONA molecule {Gluaman, Y. , Cell 
21 175-182 # 1981). The transformed monkey C7-1 cells containing 
defective SV40 DNA, designated COS (CV-1# origin defective, 
SV40) , <5o not contain a complete copy of the SV40 genome, but 
produce high level* of large T antigen and ace permissive foe 
SV40 DNA replication. They also efficiently support the 
replication of SV40 containing deletions in the early region and 
of bacterial plaamida which contain the SV40 origin of 
replication (Myers, R.M. & Tjian, R. 1980 PNAS 21 6491-6495). 
Thus, this system provides a means of amplifying transfected 
exogenous DNA via SV40 mediated ONA replication in order to • 
increase the level of nlttlA and protein expressed from the 
exogenous DNA. However, other similar systems are also useful. 

Vectors used for CSP expression typically contain various 
elements such as enhancers, promoters, intronsjr polyadenylation 
sites, 3' noncoding regions and translational activators as will 
be described below. 

The vectors herein may include enhancers. Snhancers are 
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functionally distinct f com promoters, i^ut appear to operate in 
concert with promoters. Their function on the cellular level is 
not well understood, but their unique characteristic is the 
ability to activate or potentiate transcription without being 
position or orientation dependent. Promoters need to be upstream 
o£ the gene, while enhancers may be present upstream or 5« from 
the promoter, within the gene as an intron, or downstream from 
the gene between the gene and a polyadenylation site or V from 
the polyadenylation site. Inverted promoters are not. functional, 
but Inverted enhancer* are. Enhancers are cls-acting, i.e., they 
have an effect on promoters only if they are present on the same 
DMA strand. For a general discussion of enhancers see Khoury et 
al.r cell 21.-313-314 <1983)* 

preferred enhancers for use with mammalian cells are 
obtained from animal viruses such as simian virus 40, polyoma 
virus, bovine papilloma virus, retrovirus or adenovirus. 
Ideally, the enhancer should be from a virus for which the host 
cell is permissive, i.e. which normally infects cells of • the host 
type. Viral enhancers may be obtained readily from publically 
available viruses. The enhancer regions for several viruses, 
e.g., ROUS sarcoma virus and simian virus 40, are well known, 
see Luciw et al.. Cell 11:705-716 (1983). It would be a matter 
of routine molecular biology to excise these regions on the basis 
of published restriction maps for the virus in question and, if 
necessary, modify the sites to enable splicing the enhancer into 
the vector as desired. For example, see Kaufman et al, J. Mol. 
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Biol., lSi:601-621 (1982) and Mol. Cell Biol. 2(11) :1304-1319 
(1982). Alternatively, the enhancer may be synthesized from 
sequence datai the sizes of viral enhancers (generally less than 
about ISO bp) are sufficiently small that this could be 
accomplished practically. 

Another element which should be present in the vector 
assembly is a polyadenylation splicing (or addition) site. This 
is a DNA sequence located downstream from the translated regions 
of a gene, shortly downstream from which in turn transcription 
stops and adenine ribonucleotides are added to form a polyadenine 
nucleotide tail at the 3" end of the messenger RNA. 
polyadenylation is important in stabilizing the messenger RNA 
against degradation in the cell, an event that reduces the level 
of messenger RNA and hence -the level of product protein. 

Eucaryotic polyadenylation sites are well known. A 
concensus sequence exists among eucaryotic genes i the 
hexanucleotide 5'-AAOAAA-3» is found 11-30 nucleotides from the 
point at which polyadenylation starts. DNA sequences containing 
polyadenylation sites may be obtained from viruses in accord with 
published reports. Exemplary polyadenylation sequences can be 
obtained from mouse beta-globin, and simian virus 40 late or 
early region genes, but viral polyadenylation sites are 
preferred. Since these sequences are known, they may be 
synthesized in vi^i^o and ligated to the vectors in conventional 
fashion. 

The sequence which separates the polyadenylation site from 
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the translational stop codon is pceferably an untranslated DMA 
sequencs such as an unpromoted eucaryotic gene. Since such 
sequences and genes are not endowed with a promoter they will not 
be expressed. The sequence should extend for a considerable 
distance, on the order of up to about 1,000 bases, from the stop 
codon to the polyadenylation site. This 3' untranslated sequence 
generally results in an increase in product yields. The vector 
may terminate from about 30 bp downstream from the concensus 
polyadenylation sequence, but it is preferable to retain the 1' 
sequences found downstream from the polyadenylation site in its 
wild-type environment. These sequences typically extend about 
from 200 ta 600 base pairs downstream from the polyadenylation 

site^ 

The presence of introns in the untranslated transcribed 
portion of the vector may increase product yields. Such introns 
nay be obtained from other sources than either the host cells or 
the gene sources. For example, a hybrid inton comprising a V 
splice site from the second intron of the adenovirus tripartite 
leader and a 3« splice site from an immunoglobulin gsne inserted 
downstream from transcription start site in the adenovirus major 
late promoter results in increased product yield. 

In the preferred embodiment of the CSP cloning and 
expression vector there is a translational activator gene. 
Translational activators are genes which encode either protein o 
RNA products which affect translation of a desired mRNA. The 
best example is the adenovirus virus-associated (VA) gene (VAX) 
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Which is transcribed into a short RNA species that interacts vith 
sequences in the 5» untranslated region of the adenovirus major 
late mWJAS (ThiranaFpaya et al., 1982 Cell 3 S43>. The necessary 
sequences for translational activation by VA RHA lie within the 
adenovirus late aiRNA tripartite leader. The adenovirus 
tripartite leader is spliced together from noncontiguous regions 
of the adenovirus genome and is present on the S* end of the 
adenovirus major late transcripts, VA RHA can interact to 
activate translation of mRNAs which contain the tripartite leader 
sequence. Thus, the preferred cONA cloning- and expression vector 
contains the spliced fom of the tripartite leader, and the 
adenovirus VA genes* 

These vectors can be synthesized by techniques well known to 
those skilled in this art. The components of the vectors such as 
enhancers, promoters, and the like may be obtained from natural 
sources or synthesized as described above. Basically, if the 
components are found in DNA available in large quantity, e.g. 
components such as viral functions, or if they may be 
synthesized, e.g. polyadenylation sites, then with appropriate 
use of restriction enzymes large quantities of vector may be 
obtained by simply culturing the source organism, digesting its 
DNA with an appropriate endonuclease, separating the DNA 
fragments, identifying the DNA containing the element of interest 
and recovering same. Ordinarily, a transf orjiation vector will be 
assembled in small quantity and then ligated to a suitable 
autonomously replicating synthesis vector such as a procaryotic 
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plasmid or phage* The pBR322 plasmid may be used in most cases. 

See Kaufman et al.» fiB* fill* 

The synthesis vectors ace used to clone the ligated 
transformation vectors in conventional fashion, e.g. by 
transfection of a permissive procaryotic organism, replication of 
the synthesis vector to high copy number and recovery of the 
synthesis vector by cell lysis and separation of the synthesis 
vector from cell debris. 

The vectors containing cDNA prepared from a cell that 
produces CSP aactivity are then transfected into E. coli and 
plated out on petri dishes at approximately 2000 coloniea per 
dish. The colonies are lifted off onto a nitrocellulose filter 
and the filter is transferred to a new plate which is kept as a 
master. "After growing these colonies, replicas are made and 
aligned with the original by careful marking so that sections of 
the replica filters can be identified with the corresponding 
portion of the master plate. 

Each replica filter is cut into sections containing a 
predetermined number of colonies per section, preferably about 
200-500 colonies- per section. The colonies from each section are 
scraped into mediuim such as L-Broth, the bacteria collected by 
centrifugation and the plasmid DNA separated. The plasmid DNA 
from each section is transfected into a suitable host for 
expression of protein. The preferred synthesis vector herein is 
a mutant of the iL^lflli pUsmid PBR32.2 in which sequences have 
been deleted that are deleterious to eucaryotic cells. See 
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Kaufman et al,, aa. clt . Use of this mutant obviates any need to 
delete the plasnid residue prior to transf ection. After growing 
the transfected cells , the medium is assayed for CSF activity. 
A positive assay indicates that a ' colony containing CSF/cDMA is 
on a particular section of a filter. 

To determine which of the clones on the section of the 
original master filter contains CSP/cDNA, each clone on the 
filter section is picked and grown. The cultures are then placied 
in a matrix. Pools are prepared from each horixontal row and 
vertical column of the matrix. DNA samples are prepared from 
each pooled culture and transfected into the host, cells for 
expression. Supernatants from these pools are assayed for CSP 
activity. One vertical column pool and horizontal row pool 
should produce CSP activity. The clone common to these pools 
will contain CSF/cDNA. If the matrix contains more than one 
positive clone, more than one column and row will be positive. 
In such case, further screening of a small number of clones may 
be necessary. 

The CSF/cDNA is excised from the clones by restriction 
enzymes and can be sequenced by known techniques. It can be 
readily appreciated that the procedure described herein can be 
used to obtain CSP/cDNA from any source. The complete DNA 
sequence of a CSP/cDNA in accord with the invention is 
illustrated in Pig. 1 along with the predicted amino acid 
.sequence of the txanslated- CSP-prptein. product. 

The DNA sequence coding for a protein exhibiting CSF 

m 
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activity in accord" with the present invention, such as 
illustrated in Fig. 1, can be modified by conventional techniques 
to produce variations in the final CSF protein which still have 
CSP activity in the assay tests described herein. Thus, for 
example, one, two, three, four or five amino, acids can be 
replaced by other amino acids, Belgian Patent No. 898,016, which 
is incorporated herein by reference, describes one such typical 

technique for replacing cysteine by, e.g., serine. 

CSF/cDNA in accord with this invention includes the nature 
CSF/cDNA gene preceded by an ATG codon and CSF/cDNA coding for 
allelic variations of CSF protein. One allele is illustrated in 
Fig. 1. Another allele that we discovered has a thymidine 
residue at position 365 instead of the cytosine residue 
illustrated in Fig. 1. The CSF protein of this invention 
includes the l-methionine derivative of CSF protein (Met-CSF) and 
allelic variations of CSF protein. The mature CSF protein 
illustrated by the sequence in Fig. 1 begins with the sequence 
Ala'Pro-Ala-Arg— the beginning of which is depicted- by an arrow 
after nucleotide number 59 in Fig. 1.. The Met-CSF would begin 
with the sequence MefAla.Pro 'Ala'Arg— The allele variation 
illustrated in Fig. 1 has a Thr at amino acid residue number 
100 (beginning at Ala after the arrow) and can be referred 
to as CSF (Thr). Another variation has an He residue at 
position 100 and can be referred to as CSF (He). Purified 
CSF protein of the present, invention exhibits a specific 
activity of at least lO*' units/mg of protein and preferably 
at least 4 x 10 units/mg when assayed with human bone marrow 
cells . 
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Host-vector systems for the expression of CSF may be 
procaryotic or eucaryotic, but the complexity of CSF may make the 
preferred expression system a mammalian one* Expression is 
easily accomplished by transforming procaryotic or eucaryotic 
cells with a suitable CSF vector. The DNA sequence obtained by 
the above described procedure can be expressed directly in. 
mammalian cells under the control of suitable promoter. 
Heterologous promoters well-known by those skilled in the art can 
be used. In order to express CSF in procaryotic or in yeast 
cells / the leader sequence (or secretory sequence) must be 
removed • The position of the codon for the N- terminus of the 
mature CSF protein is illustrated in Fig, 1. This can be done 
using standard techniques known by those skilled in the art. 
Once the desired CSF/cDNA clone is obtained, known and 
appropriate means are utilized to express the CSF protein, e.g. 
insertion into an appropriate vector, and transfection of the 
vector into an appropriate host cell, selection of transformed 
cells, and culture of these transf ormants to express CSF 
activity. Suitable host cells include bacteria, e.g. E. coli, yeast, 
mammalian e.g. CHO, and insect cells. The CSF protein thus produced 
may have a methionine group at the N-terminus of the protein 
(herein called Met-CSF). The mature protein produced by procaryotiq 
and eucaryotic cells will be otherwise identical in amino acid 
sequence, but the eucaryotic product may be glycosylated to the 
same or a different extent as in the natural product. 
Various methods of obtaining CSF protein in accordance with 
the convention are illustrated in the Examples hereinafter. 
Other methods or materials, e.g. vectors, will be readily 
apparent to those skilled in the art on the basis of the 
Examples and the foregoing description. 

CSF protein expressed in^ appropriate procaryotic or 
eucaryotic cells can be recovered by purification and separa- 
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tion techniques known to those skilled in the art. However, 
as indicated the present invention also provides a purification 
process which enables CSP protein from both recombinant and 
natural sources to be obtained in high purity and activity. 

Summary off the Purification process of the Invention 

The present invention overcomes the problems of the 
prior art and provides a method for purifying protein having 
CSP activity. CSP protein in accord with the present invention, 
ha* specific activity of at least about 1 x 10 units per 
mg of protein, preferably at least. 2 x 10^ units per ng off 
protein and more preferably At least about 4 x 10 units 
per mg off protein when assayed, th* human bone marrow assay. ^ 

In accord with, the present invention, • method ffbr 
purifying CSP protein compriaesr precipitating- the protein 
with ammonium. 8ulla.te. at. 80.%. saturation to form a pellet 
containing the CSP protein? resuspending the pellet in a 
buffered solution at a p» in the range off about 6 to about 
8; applying the buffered solution containing CSP to a chromato- 
graphic column, eluting with the buffered solution containing 
sodium- chloride, and collecting the fractions having CSF 
activity; pooling the active fractions, applying them to 
a C4 reverse phase column and eluting with a 0 to 90% aceton- 
itrile gradient to collect the active fraction. 

Brief Description of the Drawings relat ing to the purification 
process 

Pig. 5 illustrates SDS-PAGE analysis of the purified 
CSP protein. 

Detailed Description of the purification pr ocess of the 
Invention 

The CSF protein to be purified in accordance with the 
process of the invention can be derived from any of the natural 
sources described above as starting sources for the recombinant 
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ONA process, for example the Mo cell line or the UCD MLA-144 
Gibbon cell line. 

Alternatively, the CSF protein may be produced using 
the recombinant DMA techniques o£ the invention. 

CSFs from any source can be purified by the process 
o£ the present invention. The conditioned medium from any 
source of CSP protein is preferably concentrated by ultra- 
filtration to a protein concentration of at least about 0.1 
ffl9 protein per ml. The protein is then precipitated by adding 
ammonium sulfate to 80% of saturation. The resulting pellet 
is reauspended in an aqueous solution buffered at a pR in 
the range of about 6 to about 8. Examples of suitable buffers 
include Tris-HCl, HEPES, sodium citrate, and the like. 

The buffered solution is fractionated by column chromato- 
graphy. Suitable materials for use in the chromatography 
column are octylsepharose, DEAE-ultrogel, AcA44-ultrogel, 
AcA-54 ultogel, and the like. One or store of these materials 
can be used in sequence to obtain higher purity. 

Fractions form each column are collected and assayed 
for CSF activity. The active fractions are pooled and diluted 
with trif luoroacetic acid (TEA) , heptaf luorobutyric acid 
(HFBA), or the like, and applied to a C4 reverse phase column. 
The CSF activity is then eluted using a 0-90% acetonitrile 
gradient in TFA or HFBA, preferably at a concentration of 
0.10* or 0.15% (vol/vol) re9pectivelyr depending upon which 
acid was used to apply the pooled fractions to the column. 

The fractions having CSF activity are analyzed by SDS 
polyacrylamide gel electrophoresis (13.5% gel as described, 
by Laimnli, U. Nature 227 , 680 (1970)). Additional treatments 
using the above mentioned chromatographic column materials 
can further purify the CSF protein to homogeneity. 

Purified CSF protein fractionated by SDS-PAGE revealed 
a heterogeneous CSF protein having an apparent molecular 
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weight in the range of about. 15,000 to about 26,000 da 1 tons. 
This apparent size heterogeneity is dute to the extensive 
glycosylation of the protein and is a common feature of gly- 
coproteins. Fractionation of less. purified samples from Mo 
cell conditioned medium by SOS-PAGE (under non-reducing 
conditions) and assaying protein eluted from the gel revealed 
the presence of a second protein having CSP aoitivity having 
an apparent molecular weight of about 28,000 to 30,000. 

CSF activity binds and elutes from octylsepharose, DEAE 
ultrogel and the C4 reverse phase column. Roughly 60* of 
the CSF activity binds a Con-A sepharose (40% flow through) 
and can be eluted with alpha methylmannoside. 

Molecular weight analysis of recombinant CSF by gel 
filtration in low salt revealed that about 30* of the activity 
eluted with an. estimated molecular weight of about 19,000 
but 70* of the material behaved as dimera, eluting at a 
position corresponding to a molecular weight o£ about 38,000-. 
If IM NaCL is included in this column, all of the activity 
elutes. in a broad peak at about 19,000 daltons. 

The purified CSr is stable for at least 16 hours when 
incubat«d at 4«C (pH 7.4) in 4M guanidine hydrochloride; 
in lOmM EDTA; lOmM 2-mercaptoethanoly and in 30* (v/v) ethanol. 
The CSF activity also is stable in 0.1* trif luroacetic acid 
(TFA) (pH 2.0) and 0.1* TFA plus 25* (v/v) acetonitrile. 

As aforesaid, the CSF protein in accord with the present 
invention is indicated for use in- the treatment of myelo- 
suppression such as (symptomatic) granulocytopenia, for example 
caused by chemotherapeutical or radiation treatment of cancer. 
In addition, CSF proteins of the invention are indicated 
for use in the treatment of severe infection. For such use, 
an indicated dosage of about 200 to 1000 ug per patient is 
typically indicated. The CSF protein is preferably injected 
into the- patient intravenously in a suitable pharmacological 
carrier. Examples of such carriers include pharmacological 
saline and hunian serum albumin in saline. 



ERSATZBLATT 



wo 86/00639 



PCT/EP8S/00326 



m addition, the CSP proteins of the invention have 
other activities and uses. For instance, it has been shown 
that murine CSFs activate neutrophils. Thus, it would be 
expected that the primate CSFs of the present invention will 
also activate neutrophils. Therefore, physiological functions 
of CSF may be seryeralfold. In the bone marrow, this lymphokine 
can stimulate proliferation and differentiation of effector 
cells for host defense while, in the periphery, new and 
existing cells can be activated* In a. localized immunological 
response CSP can retain circulating neutrophils in oc away 
from areas of inflammation. Inappropriate localization and/or 
activation of neutrophils can be involved iii the patho- 
physiology of a variety of immune-mediated disorders such 

as rheumataoid arthritis. 

The invention will be further understood with reference to 

the following illustrative embodiments, which are purely 

exemplary, and should not be taken as limitive- of the true scope 

of the present invention, as described in the claims. 

in the examples, unless otherwise specified, temperatures 

are in *C. 

Restriction endonucleases are utilized under the conditions 
and in the manner recommended by their commercial suppliers. 
Ligation reactions are carried out as described by Ma.niatis et 
al., auBJai at 245-«, the disclosure of which is incorporated 
' herein by refarenc-s, using the buffer described at page 246 
thereof and using a ONA concentration of 1-100 iig/ml, at a 
temperature of 22«C for blunt ended DNA and for "sticky 

ended* DNA. Electrophoresis is dene i.i O.S-1 .5% Agarose eels 
containing 90 mH Tris-boca:e, 10 mM EDTA. All radiolabeled DSA 
is labeled with 32p, whatever labeling technique was used. 

Sy "rapid peep" is meant a rapid, small scale production of 
bacteriophage or plasmid DMA, e.g., as described by Maniatis et 
ai., SiUZU' at p. 365-371. ERSATZBLATT 
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BXAHPLE h 

Step 1. Line Cultures | 

MO cells (ATCC CRL 8066) were grown routinely in Alpha (6* 
CO2) or IscoveVs (10% CO2) medium containing 20% Fetal Calf Serum^ 
(PCS) r 2mM glutamine, 100 U/ml streptomycin and 100 ug/ml 
penicillin. The cells should be subcultured every 4-S days. 
Cells are counted and seeded into Falcon T-17S flasks in 100-150 
* ml medium at density of 3-4 x lOS cells/ml. Cells will double in 
20% PCS every 4-7 days. Growth rate is not constant and cells 
may sometimes appear to stop growing then go through bursts of 
growth. Mo cells can be grown in serum-free medium. Survival is 
much better when cells are not washed when transferred from PCS 
to serum-free medium. Optimal density in Serum-Pree medium (SP) 
is 5 X 105 cellff/ml.. Cells will grow slightly (or at least 
maintain constant number) for 3 days in serum-free medium, and 
then should be fed 20% PCS for at least- 4 days. This growth 
Mhedule (3 dajs SP, 4 day_s 20% PCS) can be repeated weekly if SP 
medium i« required^ with no apparent harm to the cells for 
several months. 

Step. 2 Aeeavfl for csp Activity 
A. Bone Marrow Assay 

Obtain fresh bone marrow. Break apart spicules by drawing 
through 20, 22, then 25 gauge needle. Dilute 1:1 with sterile , 
phosphate-buffered saline (PBS) (room temperature) and layer over 
Ficoll-Paque (about 30 ml BM-PBS over 6 ml Picoll) . Spin at 1500" 
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rpm foe 40 minutes at room temperature- Remove fat and PBS layer 
and discard. Pipette off the light density layer. Wash 2x with 
PBS and count. Plate cells in RPMI (purchased from GIBCO as RPHI 
1640) plus 10% HIPCS (heat inactivated PCS) for 3 hours to remove 

adherent cells. 

Plating medium (make fresh) : 

20* PCS • 
0.3% agar dissolved in H2O cooled to 40*C 
2x Iscoves (1x1 v/v with Agar) 

1% P/S final concentration of lOOU/ml streptomycin, 
100 ug/ml penicillin 

10-4M alpha thioglycerol in 2x iscoves from 10-2m 
stock 

• cool agar to about 40*. Mix with other ingredients. 
Cool in H20 bath to 37-38* and hold at that 
temperature. 

After 3 hours, pipette off the non-adherent cells. Spin and 
count. Add 2 x 10^ cells/ml of plating medium and keep in 
controlled temperature water bath at 37-38«. Add samples (e.g., 
medium from transfected cells ? usually 10 /il sample) to the first 
row of wells of a microtiter plate in duplicate. Add 100 /il cell 
suspension to each well. Add additional 50 ^il of cell suspension 
to each well in the first row. Mix thoroughly and transfer 50 /il 
of solution from the first row into the next row, etc, and 
continue 1:3 dilutions across plate. Wrap the plate in parafilm. 
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incubate 10-14 days at 10% CO2, 37»C in fully hunidified 
ataosphere and scoc« colonies, 

TO score the colonies, the total' number of colonies that 
grow in each well is counted. In each assay, several wells are 
plated without including a sanple (blank) to obtain a background 
colony count. The average number of colonies that grew in the 
blank wells is subtracted from the number of colonies found in 
each of the wells containing: samples. One unit of CSP is the 
amount that will stimulate the formation of one colony above the 
background level per IflS human bone marrow cells (plated at 105 
cells per ml) when the CSF concentration is sub-saturating. The 
aub-saturating concentration is dete rained by dilution and 
comparing the number of colonies at various dilutions to find the 
concentration just telow the saturation level. 

For this assay, the colonies containing granulocytes, 
nonocytes oc both types cf: calls are co-anted.. The types of cells 
in the colonies are determined by picking colonies and staining 
individual cells. 

B. K3-1 cell Assay 

KG-1 cells (Biflfld* vol. 56, NO* 3 (1980)) are grown in 
iscovea medium 10% FCS passed 2x pec week and seeded for each 
passage, at 2xlo3 cells/ml. The cells are used for assay only 
between passage 30-3S. The assay is the same as for bone marrow 
as described above, except the KG-1 cells are plated in agar 
mixture at 4xlfl3 cells/ml. 
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The number o£ colonies 9rowing in each well La determined 
and the background count is subtracted as in the Bone Marrov 
assay described above. One KG-1 CSF unit/al is that 
concentration of CSP that will stimulate half of the maximum 
number (saturation) of KG-1 colonies to grow. The maximum number 
is obtained by including a saturating level of CSP in several 
wells» 

• 

Step 3. Construction ot Vector p91Q23{B) 

The transformation vector was pAd026SVpA(3) described by 
(Kaufman at al.> Mol* Cell Biol. 2(11) : 1304-1319 (19821 • 1% has 
the structure illustrated in Fig. 2. Briefly this plasmid 
contains a mouse dihydrof olate reductase (OHFR) cONA gene that is 
under transcriptional control of the adenovirus 2 (Ad2) major 
late prcmotec. A 3' splice site is included in cbe adenovirus 
ONA and a 3* splice site* derived from an immunogloballn gene r is 
present between the Ad2 major late promoter end the DHFR coding 
s-aquence. The 3V40 early pclyadenylation site is present 
downstream from the DHFR coding sequence. The 
procaryotie-darived section of pAd026SVpA(3} is from pSVO«i 
(Mellonr P.r Parker, V.# Gluraan, Y. and Maniatis, T. 1981, Cell 
22:279-288) and does not contain the pBR322 sequences known to 
inhibit replicacion in mammalian cells (Luskyr M., and Botchar., 
M. isai. Nature (London) 22i« 79-81. 

pAdD26SVpA{3) is converted into plasmid pCVSVL2 as 
illustrated in Pig. 2. pAdD2SSV?A(3) is converted into plasraid 
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gAdS26SVpAi3) (d) by deletioR of one oi feh@ few© Psel sites in 
pAd926SVgA<3l o This is accomplished by a pagfeial digesfeion \}ith 
Fsfel (usin^ a deficiency ol enzyee ac4ivifey se fehafe a 
subpopulatioft og lineaeized plasraids can be obfeained in which 
only onis ml ait® is cleaved), feh«n fegeatnenfe wifeh Kienow, 
li^afeioa fee eeciecularise feh© plasoidp fesansforraafeion of Sfl.jSSil 
and sceeening ioe delefeion. of fehe^fsfei. sifee locafeed i" of the 
m^Q polyadeaylafeion sequeac®* 

The adsnovigus fegipagfeifee leadee and vig«s assoeiafeed genes 
<VA geaea) vege insegfeed iafeo pAd02«S\rpA(3) (dS as illusfesafeed in 
f igo 2o figsfe, pAdB2SSVpA<3J (d) was- eieaved wifeh. WvulZ fe© saake a 
linear aelecisi© opened -.lifehia fehe 3 « p©gfeioa ©2 fehe figsfe of fehe 
£&g«e, eleaeats coopeising fehe fegipasisifee lGad©go Thea^ ^3 • 

CZaia «fe aio 1979, Cell X£ 851) was digested -yifeh Xh© I, fee eased 
with Kienow, aigesfeed wifeh miS^ and. feh® 146 baao paig fgagiaent 
csafeaiaiBf fehe secoad and paefe of fehe fehied l«®d©gs ma isolated 
by eiecfegophogesis oa an acgyiaaido gel (S^ ia Sgls begat© 
buffeg? waaiafeis ®t aio tiSS21 supea) o Th® 148 bp fragaeat v^s 
then ligafeed t© th@ f^Mlt digested pAd92€S^p.%{3) (d) « The 
ligatioa pgodect was used to tgaasfogja to tetgaeyciine 

Eesistaac© and celoaies woge scgeened using the Sg«aate4n-Hoghess 
pgoceduge uaing a 32f>. labelled peobo hybgidising to tho 14G base 
pais f gagaento DNA was pgepaged fgoa positively hybgidizisg 
colonies to test wheth<8g the PvalS site gecoastsucted was 5«og 3'^ 
of the inseeted 14Q base pais SKA specific to fehe 2nd «Bd 3gd 
adenovigus late leadegSo la th® coggecfe ogieatafeioa of the ?'.'uXI 
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site is on the 5* aide o£ tb« 140 bas« pair insect. Thia plasraid 
is designated pTPL in Fig* 2« 

The Ava II 0 fragment of SV40 containing the SV40 enhancer 
sequence was obtained by digesting SV40 DWA with Ava II, blunting 
the ends with Klenow fcaagment of Pol I, ligatlng Xho 1 linkers 
to the fragments, digesting with Xho 1 to open the Xho 1 site, 
and isolating the fourth largest (D) fragment by gel 
electrophoresis. This fragment was then ligated to Xho I cut 
pTPL yielding the plasmid pCVSVL2j-TPI.. The orientation of the 
SV40 D Fragment in pCVSVL2-TPL was such that the SV40 late 
promoter is in the same orientation as the adenovisua major late 
promoter. 

TO introduce the adenovirus virus associated (VA) genes into 
the pCVSVL2-TPLr first a plasmid FSR322 is constructed that 
contains the adenovirus type 2 Eind i:i 3 fragment. Adenovirus 
type 2 DNA is digested, with Hind III and the 3 fragment is 
isolated after gel electrophoresis. This fragment is. then 
inserted into pBR322 which has previously been digested with Hind 
III. After transformation of E. coli to ampicillin resistance, 
recombinants are screened for insertion of the Hind III 3 
fragment and the insarted orientation is determined by 
restriction enzyme digestion. pfiR322 ^ Ad Hind lit 3 contains 
the adenovirus type 2 Hind III B fragment in the orientation . 

depicted in Fig. J» 

AS illustrated in Fig. 3, the VA genes are conveniently 
obtained from plasmid pSR322-Ad Hind III 3 by diaesting with Hpa 
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U adding sceal linkees and digesting uifeh EcoRi. and geceveeia? 
febQ l.o4k& g^agaeafeo Tfee fgagaeafe having icoEl sticky ends is 
thee Ugated into feh® EcoRl site ©f pT^J. t^^ie^ had previously 
been digast«d «ife& EcoRl) o Aft^g feeansf oemafeien ol £..£fili HBIQI 
and selection toz feetracyelin® f^sisfeance. colonies a^e screened 
by mtes byb^idisacioB fee a QHA psobs soQcifie to the va geneSo 
DNA is pespased f roa positively hybf idisinf clones and 
chagacteEized by gesfesicfeion endonucleas® digsstioso Th® proaucfe 
plaseid is designated ©§1823 o 

Th« a ECORI sites in pS1023 asQ semovQdo pSie23 is cut to 
co^apietion «itb EcoRl, generating t«o mh £ragaQnts> onQ aboafe 
7K& and fe&e otheg about a 1«3 5& Isagm^n^ eontaiainf thQ V& 
g^aeso Th« ends of. both .f.agmsnts a.e gill^ using thQ Xleno^ 
fgagment of §ol£. and tfeen botb fsagmenfes io@c. Xo3 Kfe. asQ 
geligated together o A piasaid p&i€23(A) eentaining th© VA genes 
end siailas to p91023 but deleted tfe« % Ecoal sitQ^i is 
identified fey GEunseein=Hogr.ess sceeening «ifefe th<8 VA gen» 
fsagiaent. and by conventional seatgietlon site, analysis. 

Then tfee single ?sti site in p9ie23(A) is seaoved and 
.egUoed «ith an EcoRi aiteo pfl021CA) is cut to completion nitb 
5stl. and then, treated «ith Kl.no.. f .aginant oi Poll ta .ene.ato 
glush end^o EcoBl linkers are ligated to sh<. blunted Ps^l site 
ot pSieaKA). The lineag p91023(AK «i.th EcoEl Unkees. attached 
at th.8 blunted ?sel sits is separated f.om unligated linkers and 
digested to completion «ith EcoEl, a«d then geligatQd. A oUssid 
p91023(aJ is tecoveeed and identified to have a structure similar 
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to p9l023(A)r but with an EccRl site situated at the previous 
pstl ait«. 



Step 4. Preparation at ePMA ribrarv 

HO cells were induced for 16-20 hra, with PHA and PHA to 
enhance their lyraphoklne production. Cells were plated at 5 x 
105 cells/Tol in Iscove's medium with 20% FCS# 0,3% (v/v) PBA and 
S ng/ad TPA. The cells were collected by centrifugation. The. 
p«iX«ted cells were resuspended in 20 ml o£ ice cold hypotonic 
lysis buffer (RSB buffett O.OIM Trls-HClr.PH 7.4, O.OIM KC1» 
0.001SM MgCl2f 1 ug/ml-cycloheximide, 50 units/ml RMAsin and SnM 
dlthiothreitol) . The cells were allowed to swell on ice for five 
minutes then were ruptured mechanically with 10 strokes o£ a 
tight fitting dounce glass hoaogenizec. Tfte homogenate was 
centrifuged at low speed (2000. RPM in a Becknan J* centrifuge) to 
remove nuclei and unlysed cells.. The supernatant was hold on ice 
while the nuclear pellet was resuspended in 10 ml of RSB and 
re-centrifuged at low spaed. This second supernatant was pooled 
with the first and the combined supernatants were centrifuged at 
low speed to reipove residual contamination with nuclei and 
unlysed cells. The supernatant from this spin was brought to 
a.lSH KCl by addition of 2M KCl then centrifuged at high speed 
(25,000 RPM, Beckraan Sw 28 rotor for 30 minutes) to pellet the 
nesbranes. The membrane pellet was carefully washed with cold 
ISB then resusp-snded in 12 ml of RSB containing 2 M sucrose and 
).1SM KCl. TWO discontinuous gradients were prepared in Beckman 
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ia 2 H sueseso e^sE 2 al og RS8 «Uh 2.S a auc.oaa and oaSH KCl. 

fe«b.9 ««S9 «Ul«d M feh8 toe by oveaayins «i<:h 2.5 mi of RSS 
eonwlnlng 1.3« «»«os« ^ O.ISH BCl. Ti«s* 9«dl.«ta ««« spun 
20E « hoars sfe 27.000 (8«i™aB, sa<il EOWs) at ThQ 
BcMbsana lay« {afe *h« int«tSaee b.t«*«n t&s «»« 1»3H 
,«c.o.o> »a« «ar«£uUy s«.o»«a e«B »iao «i«9 <^ " 9««9e . 
„a«aiQ sna «yaas«. tss »«*.aaa enactions e^ea th« 
9M«i«.fe3 «Qr« pool«* ^ SisSillea ff20 

thaa b.o«9hfe to 0.5t> ssitos X=i08 aafl e.SO .o<ii«a dao«yehol.6« 

«.«.acta« vol»-o «g pb««oi. 

«aa M-««4«o*«S a 1:1 ai.eose oa PhQ^^i ^ cfeiosofere .«« 
2iaaily aa .£ ehloMfo», Flaally. too .«*.s«o 

bouna B« «aa by addition of SaCi to 9.2SH aai 2.S 

«iuaea og eoia .tbanol and iaaubaeed o^eraishfe ae -20'C. The 
5.«.ipi«t.d »a. coU.«.d by c,atrifv„.Uo« UOOe 10 

o« di.6iU«4 »aMs. From 2.10^ c*ilc. agp.o.i««.ly 1 og og m 
„as Obtained. th« msaaang^r («SBM «a« delated «M» £h« 
toeai by .6.o«tc«.aehy oa a O.S Bl 0U90 dS=c«Uai.a« 
col«8«.. B.i.«ly tho RBJ^ --.aa h«at8d to 70»C Jo. S oin.. 5»iote 
ehUlea o« Ue. t:h«« diluted S fold «ith ««« ««ap«rau.« bindin, 
<0.S« Ll«. 0.0l« T.i.=HC2. PS 7.*, 0.002 H EB**. and «.» 
SDi> . tho Pm in bindins buff »e was ?a«.d o^og feho oU9» 
as^,il»lo«9 colu™ «,uiUbM«d with bindla, b«ff8. at «os 
t.,^«.at.... Th« =oiu»« «.« waahod «ith 5 «i of bindin, b«f f«. 
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then with 5 ul o£ 0.15M LiCl, O.OIM Tci3-HCl pH7.4, 0.00214 EDTA, 
and 0.1% SDS. Finally, mSNA waa eluted with 2 al of O.OIM 
Tcia-HCl pa7.4, 0,002M EDTA, and 0.1% SDS. The mRMA was 
precipitated by addition o£ Nad to 0.2S M and 2.S volumes of 
ethanol and incubation overnight at -ao-C. The precipitated aiRSA 
waa collected by centrifugation (30,000 RPM foe 30 minutes in a 
Beckcan SW55 rotor). The tube was carefully drained and the mRJIA 
pellet was reauspended in 50 ml of H2O. The cesuspended aRNA was 
brought to 0.25M Mad then extracted 1 time with a Itl nix of 
phenol and chloroform then 3 times with chloroform. The mRNA was 
precipitated by the addition of 2.5 volumes of ethanol. The 
mixture waa f cosen and thawed several tiaea in a dry ice/ethanol 
bath then cantrifugad IS min. in an Sppendoff centrifuge. The 
tube waa carefully drained and the miLMA cellet was reauspended in 
20 ul of distilled H2O. The final yield was approximately 30 
of nlUTA. 

First Strand C3NA was ^s^g^ctd using standard methods, 
ariofly, 10 ug of membrano mRSA was diluted into a 100 al cdi;a 
synthesis reaction mixture containing 300 mM Tria pH 9.4. ilC 
Kd, 10 mM Mgd2f 10 rM 3-mercaptoethanol, 500 uM each of dATP, 
dGTP, dCTP and dTTP, 5 ug. of oligo-dT (phosphorylated and 
average sixe of 12-18) aa primer, 150 uCi of 32? dCTP (400 
d/mmole) and 20 units of the ribcnucleaae inhibitor RMAsin. Tha. 
reaction waa initiated by addition of 100 units of reverse 
transcriptase and Incubated for 30 minutes at 42*C. The reaction 
was stopped by addition of EDTA to 40 m« and the RHA was degraded 
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aQ8tsalise« by Jiiiaitloa o2 20 ai 281 Ssis, pB Tha tssctiea 

Bis «sa aKt^aewa uith pb.nol/cl.loVofot». -o^k extracted 
Bifeb SO «1 10 »H SEU P8 i afl EOT* <tS> ««« 6hs aqu,o«» 

doubl, s«and«d cD«A by iscubaWon i2 h,a.« at U'C «i6b 40 
OBits o« the Sieooa JMSaaafe ->« E»l!f««'^««® I ia a 100 «l . 
eaae«ie«» ««.n*alBi«9 50 »« peMa*l«8 pho.pbaM, s8 T.«, 2.S . 
DK. 2-.ewa5Wafthanol. 10=H H^Cij. ISO uMeUB eaeb og 6he « 
d«o.yn«cl«6i<l« «lphosphat«s and 2S «Ci og ia^ 4CtS. 

.t«re«« «*«a*ion «itb pt,«««l/.bl««go™ a«d 
«.i„«.50«.«d «lpbo„h.*.3 ««-o^«d by p...i»9 tb. 
pbasa o»,. « 1 »1 "P"'^"- 'S-'*' "l"-'" «x.lad.d m«*l.n« • 

weeo seeisd and .Shaiwl psocipiMMd. 

com P«iie« ""f*^ ""^ 
,.s«.p,»d.d i» 200 «i o£ ao« ..i. pa «.o. s^**^" 

S.ad«no.yl-«.tbionino. «.d 300 units og scosa «.thyla«, fa. « 
ainota* at 37=6. Tta f««etioB «a8 .topped by ,«t»ctioa with 
Sham.l/cblo«2o5m and tSe aethyiatsd cDHft w.« collated by 

■ sbo cam p.ii.t. ""^ «.«.p.nd8d 

is aOO «I SI bu*2a. («a«i-ti8 .8 aiS and intubated «itb 200 »it« 
o« Si-n«elaa.« at SO-C 30 «in«t««. Tbo .«a<=ti.n stopped 
by ,=.t.aetio« «lth pb.aoi/chlo«fo.B and tbo cBHft .oll.«ed by 

efehan©! pgecipitafeioao 

double sfeEand<.^ eDHJ^ was bloated by ineub^feion i« 106 ul 
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of 20nH Tria, pB 7.4, SOmM NaCl, lOraM 1 mercaptoethanol and SOO 
uMolar o£ all four deoxynucleotide triphosphates with 25 units of 
Klenow at rooa temperature for 30 minutes. The reaction was 
stopped by extraction with phcnol/chlocoform and the cDNA 
collected by ethanol precipitation. 

The cDHA was ligated in 50 ul of T4 ligase buffer (Maniatis 
et al) with 500 pMoles of Rl linkers purchased from New England 
Blclabs (sequence! pCGGAAITCCG) using 2000 units of T4 ligase 
overnight at 16«C. The reaction was stopped by incubation at 70* 
for 20 minutes then diluted to 300 ul such that the final salt 
concentration was 0.1 M NaCl, 10 mM, MgClif 50 wm Tris-Cl, pH 
7.4. The COMA was then digested for 2 minutes at 37* with 700 
units of EcoRl. The reaction was stopped by extraction with 
phenol/chlorofora and the cONA collected by ethanol 
precipitation. The pellet was resuspended in 50 ul of TE and 
passed over a Sml C1-4B column. The excluded fractions were 
pooled and ethanol precipitated. The precipitated cDNA was 
clectrophoresed through a 1% agarose gel in Tris acetate buffer 
in the presence of 1 ug/ml ethidium bromide. cDNA in the size 
range 500-4000 base pairs was isolated from the gel using the 
standard glaa» powder procedure. The eluted cDMA was extracted 
with phenol/chloroform, ethanol precipitated and the pellet 
(after an ethanol rinse) was resuspended in 30ul of TB. The 
final yield was 100-500 ng of cONA.. 

The preparation of the expression vector p91023(B) is 
described above. The ScoRl dlvjested and phosphatase treated 
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vector (SOOng) was llgated with 100 ng of cONA in a lOOul 
reaction (standard T4 ligase ceaction) overnight at 16»C. The 
reaction was stopped by extracting with phencl/chlorofocn then 
the ligated cDNA was collected by ethanol precipitation aCtec 
adding S ug of tRMA as carrier. 

The ethanol precipitated ONA was rinsed with 70% ethanol 
then reaaspended in 100 ul of TE* This DNA was used in 4 ul 
aliquota to tranaforia £. fiflli MC1061 (4 ul in a 100 ul 
transformation) . Each of the 25 transformations was spread onto 
a ISO mm petri dish with 1% agar, L-broth and 10 ug/nl 
tetracycline (Tet plateJ and incubated overnight at 37*. 
Approximately 2000 colonies grew on each plate, resulting a total 
of about 50,000 colonies. After reaching approximately 0.3 mm U 
diameter, the colonies were transferred to nitrocellulose disks 
(137 mm) by carefully placing a dry filter on the surface of the 
plate then smoothly peeling off the filcer. All of the colonies 
on the plate transferred to the filter which was then placed 
(colony side up) on a fresh Tet plate. After allowing the 
colonies to grow several hours, one replica was prepared froKi 
each of the filters by placing a fresh wstted filter exactly ever 
the original filter, pressing them together, peeling them apart 
then returning each filter to a fresh Tet plate and incubating 
the plates overnight at 37«. Each ceplica was carefully marked 
such that it would be realigned with the original filter. 
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Step S. Piasmifj r>M ft Pool Preparation 

Each of the 2S ceplica filters was carefully sectioned into 
eighths using a scalpel and noting the orientation of each eighth 
relative to the original nastar filter. The colonies were 
scraped froa each section into 10 ml of L-Broth. The bactaria 
were collected by centrifugation (3000 RPM, 10 nln., Beckman J-6. 
centrifuge) resuspended in 0.6 nl of 25% sucrose, SO M Tris-HCI 
OH 8.0 and converted to protoplasts by addition of 0.12 nl of 5 
ng/ml lysozyme and incubation on lea foe S-IO mln. The 
protoplasts were next incubated at roon temperature fot 10 nln. 
following the addition of 0.125 ml of 0.5M EDTA then lysed by 
addition of 0.l2al of 10% SDS in 50 mH Trls-HCl, pB 8.0. The 
lysste was mixed gently. Incubated at room temperature for 15 
mln. then protein and chromosomal. DNA precipitated by the 
^.ddltion of o.'i ml of 5M NaCl. After incubation on Ice for 13 
mln.. the lysate was centrlfaged In an Eppendorf centrifuge foe 
20 mm. in the cold. The supernatant was carefully removed 
leaving behind the viscous DNA/proteln pellet and was diluced by 
the addition of 2.5 ml HjO. The mixture was extracted with 1 ml 
of phencl, the layers separated by centrifugation (lOK for 10 
mm. m the Sorvall SS-34 rotor) and the aqueous layer removed to 
a fresh tube. DNA was precipitated by adding 0.5 ml of SM NaCl 
and 7.5 ml of cold ethanol and freezing the mixture several times 
m a dry lea othanol bath. The precipitate was collected by 
centrifugation (iOK, 15 mln. In the Sorvall SS.24I , resuspended 
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in 0.3 nd o£ 0.3M Sodium acetate and ce-ptecipitated (in an 
Eppendocf tube) by the addition of 1 ml of ethanol. After W-IS 
min. in a dry ice ethanol bath, the precipitated DNA was 
collected by centrifugation (5 min, in the Bppendorf) and the 
final pellet was resuspended in 100 ul of sterile (10 mM Trls 
P88, IBM EDTA) . Prom a typical preparation, 5-10 ug of plasmid 
DNA was obtained. Each preparation contained the DNA from 
2C0-S0O colonies on the original filter. A total of 200 DNA , 
samples were prepared from. the 25 filters. 
Step 6. Isolating CSF Clone 

Each of the DNA samples from Step 5 were separately 
transf ected into M6 COS monkey cells as described below. 

The M6 cells are grown routinely in Dulbecco's modified 
Eagle's Medium (DME available from Gibco) containing 10% 
heatinactivated fetal calf serum (HIFCS), split twice a week 
at 1:6 dilution. Twenty-four hours after splitting 1:6 the 
M6 cells are ready for transfection. Twenty-four hours prior 
to transfection, 1.2 x 10%6 cells (split 1:6) are seeded 
into a cell Factory (available from Nunc) in 1.5 liters of 
DMB + lOVHlFCS. launediately before transfection, plates 
are aspirated and washed twice with 7 ml of serum-free (SF) 
0MB. The DNA is dissolved in 0.1 M Tris (pH 7.3) and added 
to DME medium containing 2«M glutamine, 100 ug/ml streptomycin, 
100. 0/ml penicillin and 0.25 mg/ml DEAB Dextran totalling 
4 ml with the Tris-ONA solution. The 4 ml of medium containing 
dissolved DNA is added to the plate containing M6 COS cells 
and incubated for 12 hours. 

After incubation, the cells are rinsed once or twice 
with 7 ml SF OME. Then, 5 ml of DMB with 10% HIFCS, 100 0/ml 
penicillin, LOO ug/ml streptomycin, 2mM glutamine, and 0.1 
mM chloroquin was added and the cells were incubated for 
2 1/2 hours. 
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Aftet 2 1/2 hours, rinse once with SP 0«E and add 10 ral DME 
♦ 10% HIPCS/plabe. After 30 hours aspirate media and feed 4 
nd/plate DME + 10% HIFCS. Harvest by removing the conditioned 
medium after 24-26 hours further incubation. 

The conditioned medium from each tranafection was assa/ed 
foe CSP activity using the KG-1 assay. Pdr each sample, positive . 
foe CSP activity, the clone on the original master filter 
responsible for the CSP activity had to be identified/ Por 
example, for one transf action positive for CSP activity, all of 
the colonies of the section of the original master filter from: 
where the transfection OSA sample was derived, were picked. Seme 
320 of these colonies were picked into 3 ml o£ L-3roth plus 10 
ug/ml tetracycline. The cultures were grown overnight. The 320 
colonies were placed in an 18 x 18 matrix. Pools were prepared 
from each horiaontal row and vertical column of the matrix (36 
total pools) (note: the last horizontal row had only 14 clones). 
DNA .-samples Here prepared from eacn pooled culture then used to 
transfect CCS cells. The supernatants from chese transf actions 
were assayed using the KC-i colony assay. Two positives were 
obtained from this set of transf actions: one in a vertical 
column, the other a horizontal row.. The culture common to these 
pools contained the CSP clone. 

Twelve individual doms frcis this culture were isolated and 
ffiinlprep ONA was prepared from 10 .ni cultures in L-Broth as 
described above. 10 ui ^ai..ple3 of SNA from these preparations 
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vet, digested with Eeofa and the tesaitln? DSA fragments analyzed 
I, a,.tose gel electrophoresis. Hln. o£ the twelve clones had a 
c,«.on approximately 750 base pair insettl The OHAs «ron four of 
these clones and the xenainlng three clones were introduced into 
,« COS cells as described above. The supernatant. fro« these 
tr«..£.ction. were assayed using the M-1 assay » •» 
bon. marrow assay for CSf. The four clone, which each contained . 
the 750 bone pair fragment aU directed the expression by the M 
COS cells of high levels of CSF activity as detected ia either 
...ay whl. the other three clone, did not. Tho., the coding 
.^ion for CSF muet be located within the 750 ba.. p.ir in..rt. 

The DNA seguince coding for CSF w.. r«aov.d from the 
tr««for»ation vector in the po.itiv. clone by dige.tion with 
EcoRl and sequenced using .tandard didaoxy sequ.ncing method, 
aflar subdoning fragnents into ^a3 voctors to obtain the 
saquenc* illustrated in Fig. 1. Ih» plasnid, p9l023(B) - CSF. 
.hat was first shown to dir«:fe CSF expression in COS cells has 
been designated sCSP-l. This plas-id ha. been depo.lted with the 
werican Type Culture collection in a strain of S^jaU - acifl«l 
under the deposit number JWCC 39754 on July 2. 1984. 

st»»7. r m rrr-'--" '"^ "rotain 

M COS monkey cell. tran.fo.m«l with vector p9l0i3<B) 
containing CSP/cOH» as isolated in Step 8 are grow. a. descr».d 
m Step « to produce CSF protein « the culture medium. 

!.a.ely. one of this DNA (pCTF-lJ was dissolved in I ml of 
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0.1 H Tti8, pa 7.3 ana added to 600 ni oJ OHB containing 2 mM 
,lrt.»in«, 100 D/Bl streptomycin, 100 penicilila (P/S) «d 

0 2S "S/ll OSAB Dexttan (Molecular weiaht 500.000 fM« 

Pharmacia). The 600 »>1 ot DHA D£« Dextran .olation i« added to 
the H« COS cell, in the cell factory and incubated at 27' for 12 
hour.. After the incubation, the cells ar^ rinsed once with «0 
ml of SE DME then incubated for 2.5 hour, with 600 .1 o£ CM3 
coatainin, 0.1 m« chloro^uin, 10% iUCS, 2 ^ 9lata.in. and P/S. 
After a.piratin, th. cbloroquin containin, .«iiu», the cell, are 
rinaed with SF OME and fed 1500 of -itb 101 H2PCS. Alter 
,0 hour, the cell, are with SF D«, th. «edi«« U replaced 

with 800 »1 of SF DHB and th. tranafected cell, are allowed to 
condition the «.dlu« for 24 hour, at 37-C. conditioned 
.edlu» i. ..pirated and replaced with anoch.r 800 «1 of SF DM8. 
Th. cell, are allow^i to condition thi. ».diu. for 24 hour, then 
the conditioned medium i. collected. A. soon a. po..ible after 
•har.e.tin„ the conditioned media rample are concentrated 20 fold 
hy p,.3.urized ultr.f Utr.ticn uain, th. A«icon 2.5 liter chamber 
with the meabran. (5,000 «W cutoff). 

gt.p 8. nirlfl""-'"" nernmhlnfliit CSE 

IV, hundred ml of concentrated condiUcned «««i«» (fro- 4 
lit-r. of .tartin, material - Step 7) was brought to 30* 
saturation of a.ooniu« sulfate by addition of solid ammoniua 
sulf«e «c the precipitated protein was. r3«oved by 
centrifu^ation. The supernat^t was brought to 80, saturation of 
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^„iu« .«lf »t. by adding mor. solid a»»oni»» sulfate and ta. 
»,-cipit.t.d pcotain celUctad by ««ttif u,ation. Th. pall.t wa, 
„]u3p.nd.d in S ^ of 20 i« sodiua citrap., pH 6.i. containin, I 
H Had. Tb. dissolved ptotain «a. applied to a l.S x 100 c« 
colu«n of »lttc5*l ACASA eq»iltb«t.d.in the sa»a buKec. The 
CSF activity el»t.d f c«. th. column with an apparent «olecula. 
weight of 19 K Oaltons oc after .boat 90 «1. It has been 
Observed that if the gel filtration is perfor..d at !«. ion.c 
etrength, CSF activity is .luted from th. column in two po.itions 
With apparent molecular -eight, of about 19. * Wltoa. and 3. » 
oaltoo.. suwestin, that =H-Csr may readily form dimers.. Th. 
actlv. fraction, were pooled, and e.o«sht to 0.1S% TFA (by 
.ddition of 10* TFA. and appli«l to a vydac «• column <0.46 x 25 
cm, equilibrated in 0.1* TFA. The coluann va. dev.lop.d with a 
,in«r gradient of 0-90% acatonitril. (1 »0 1 total. 

i,O.MTfA. The «F activity eW b.u*e.n 39 and 431 
actonitrile (Fraction. 16-20). A 20 ul sample of Fraction 19 

analyzed by SDS polyacrylamid, gel el^troohoresi. (13.5* gel 
as described by La»di, 3^221, «0 -.1970., . A ,i«glo broad 
protein band with an apparent m oi 18-2* calton. wa. observed. 
Th. r.th.r broad .Ix. rang, foe CSF i« a common featur. or 
glycoprotein, and is thought to reflect extensive but variable 
addition Of carbohydrate. Pro-.eia fro. Fraction 19 s.b-itted 
to Ed««. Degradation using th. APPUtd 3iosyst«» ga. phase 
microsecuenator. Fro, approximately 20 ug of protein appUed. 
th. sequence of >.he first x« amino acid. «a. obtained 
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(A-P-A-R-S-P-S-P-S-T-Q-P-W-E-H) . The high yield o£ this single 
ocoteln sequence strongly suggested that the CSP protein in 
Fraction 19 had been purified to homogeneity. Bioassay indicated 
that Fraction 19 had 3 x 10? units per A28O abaocbanci^ units. 
Since typical proteins in aqueous solution exhibits a range of 
extinction coefficients of 0.8 to 1.2 AjsO absorbance units per 
milligram of protein, the specific activity of the purified CSP 
is betveen about 1 x IQf and about 4 s 10^ units/mg when assayed 
using the human bone marrov cell assay. 

FIXftHPLS a 
CLONZMG 6IBB0H CSf 
Step 1. orgparation off mRNA from filhhfln T'Cella- 

A sample of the gibbon T-Ceil line designated UCD-MLA 144 
was cultured for several weeks in R?MI ie40 (purchased from 
Gibco) and 20% fetal calf seriua (PCS) until there was obtained 1 
X 10 3 total cells. The celli were induced to product high levels 
of CSP by activation for 24 hours in the pteaeuca of 10 nanograms 
per ml 12-0-tetrdecanoyr phorbol 13 -acetate (TPA) in RPMI 1540 
plus 1% PCS. The cells were harvested by centrif ugation (1000 
rpm,, 5 mln.)r washed once with phosphate buffered saline (P3S) 
and finally collected by centrif ugation. 

Membrane bcund polysome (MQP) mRNA was prepared from these 
cells using the same procedure as tleacrlbed in Example A for cb^ 
preparaclon of No call R2IA. 
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S a, o£ MBP («to» St.p 1) wa. diluted Into a 50 ul cDW 

.yntb..i» tsaction mixture (see Example A - Step 4) and the 
reaction initiate^ by the addition of cevecse transetiptase. 
Mtet incubation tot 30 minute, at 42-C. the reaction was stopped 
by addition of EDTA to SO «M, and diluted with HjO to 100 ul. 
m,. mixture v.8 extracted with phenol/chlorofor* and further 
extracted with chloroform. The cOH»/S»A hybrids were separated, 
fro- unincorporated triphosphates by chromatography on a 1 «X 
Sepharos. a.-4B column. The excluded fractions were pooled and 
the hybrid, collected by ethanol precipitations. final yield 
was STO ng. 

s»,p 3. 'irr?'* ^'•■•■inil ffi"* p..e»:toii 
' " ih. first strand cDSA pellet (Step 2) wa. r..».pend«l 1« SO 
:a of B20. and second strand synthesis carried out in a standard 
reaction mixture with E_saU Polymerase I, E.^ Usase. and 
HMa. g. The reaction wa. incubated overnight at WC «.d chen 
incubated for 1 hour at 37-C. The reaction was stopped by 
addition of B«A and extracted with phenol/chloroform. The cO.MA 
«.. separated fro- unincorporated triphosphace. by chromatography 
on a sephaso.. «,-4B column, th. excluded fractions pooled ano 
the cDBA collected by ethanol precipitation. 

sj,p 4. nrrniT'"""'- Tfrnitatlaa 

The CDMA peil.c <Step 3) was resuspendsd in 7S ul of SjO. 
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Hoaopolymeric C "tails" vers added to the ends of the cONA by 
adding 10 ul of the cONA solution to a 25 ul standard reaction 
mixture with terminal transferase, and incubating at 30*C for 5 
minutes* The reaction was stopped by the addition of EDTA to 40 
. mM and heat inactivation at 6VC for 10 minutes. 10 ng of this 
tailed CONA was annealed with SO ng of G-tailed pBil322 (purchased 
from NEN) in 10 ul of 10 mM Tris, pB 7.S/1 mM SDTA, and 100 mM 
Nad. The annealing reaction was incubated for 10 minutes at 
63*C and then for 2 hours at 57*. 

step S. parri-artai Tranfl formation 

eoll strain MC1061r was grown in L-broth, chilled on ice, 
harvested by centrifugationr and treated wth CaCl2 to prepare 
them for transformation. 5 ul of the cDMA annealing reaction wa4 
theii incubated with 200 ul of the CaCl2-cr2ated bacteria. 
Fifteen such transformations were performed, using all of the 
annealed CDMA, and spread on IS cm, 1% agar L-broth plates 
containing 10 ug/ml tetracycline. Approximately 1000 colonies 
grew on each plate. 

StSp 6. HfBll^* Plafcina 

10,000 colonies from^ the transformation were each picked 
with a toothpick, transferred to fresh plates (500 per plate in a 
grid) , and grown overnight at 37»C. The colonies were then 
lifted from each plar.e by pressing a dry nitrocellulose filter 
firmly over the surface of the plate. Two replica filters were 
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gcepated from each o£ these master filters. The master filters 
were stored at 4«C, and the replica filters treated with base, 
and baked to prepare them for hybridizatidn. 

Step 7. rii'ii'iirnri nn n f '^^r T .nhr n fi ffYnr^^'^^'^fc^Q" ^^^^^^ 

Th« CDNA insert from pCSP-I was isolated by digestion with 
the restriction enzyme ££flBi, and electrophoresis in an agarose 
gel with. Trii acetate and ethidium- bromide. The band containing 
the CDNA fragment was cnt from the gel and purified by the glass 

powder technique. 

300 ng of the cONA fragment was then added to 1 ul of 10 x 
T4 DMA polymerase Buffer (0.33 M Tris Acetate, pH 7,9, 0.6e a 
potassium acetate, 0.1 M Magnesium acetate and 10 mM 
dithiothreitol) , and 3 units of T4 DMA Polymerase (New England 
Biolaba), and diluted with water to 10 ui. After incubation far 
S-10 minutes at 37»C, this inixture was cosibined with 1 ul 10 x T4 
DNA polymerase Buffer? .1 ui of a^ 2 mM solution of each of dCTP, 
dTTP, dGTP? 10 ul of 32pdATP (lOuCi/ul, 3,000 Ci/mmole) ; and 3 
units of Tr DNA Polymerase. The reaction was incubated for 20 
minutes at 37*C. Then 1 ul of 2 mM dATP was added and the 
eeaction incubated for an additional 10 minutes at 37-C. 

The unincorporated triphosphates were separated from the 
labelled cOMA by chromatography on a Sephadex GlOO column. A 
second probe was prepared from a synthetic oligonucleotide having 

the sequence t 

ATC TGG CTG CAC AG 
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t 

which la conplioentary to the amino tetninua o£ tha CSP coding 
region. This oligonucleotide was labelled with 32p dATP at its 
51 end using a standard polynucleotide kinase reaction. 

Step 8. HalltlffT rf^T ^"^^ glcnes 

in a standard hybridization screening procedure, some 45 
clones hybridized with the T4 labelled pCSF-1 cDNA. Ot these, 
approximately 20 also hybridized to the labelled oligonucleotide 
probe. The coding region o£ one o£ these has been sequenced, and 
the sequence data revealed a number o£ base substitutions, some 
of which result in amino acid difference in the expressed 
protein, Tbesa differences are illustrated in Figure I above the 
DNA sequence for the human CSP gene cloned in Example A, 

CLONING CSP FROM PERIPHERAL BLOOD LWPHOCOT mRMA 

Step I. ii n r i A r -rrn rnrinn ^"""^ p^^rinherai Fiinofi T . YM?hQgYtM 

peripheral blood lymphocytes were prepared from four 
plasmapheresis by-products (purchased from the Red Cross) by 
fractionation on a FicoU-Uypaque gradient. The light density in 
RPMI-1S40 in the presence of S% fetal calf serum, 0.17% 
phytoheoaaglutinln, and lOng/ml phcrbal myristate acetate (?MA) 
at a density of 2 x 106 cells/ml (a total of 6 x 10^ cells were 
cbtained). The cells were harvested by centrif ugation (1000 cmp, 
5 min.), washed once with phosphate buffered saline (PBS) and 
finally collectea by centrif ugation. Cytoplasmic RHA was 
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pg€pag€4 by a lenfeiQ lysis peeceduge in whiefe thQ cells w«g© 
gesuspend(8<S ia 50 al cold Teifeca lysis buff«e <1«0 msa.NaCl. l.i 
m nqCl2o 10 niK SEis, pS Sol* OoSS Tsitoa Jg-lOOJ wifeh 10 mfj 
difehiotheeitol (DT« and SO anits/al RNAsia (pugchased feoe 
BiefeeOo Shis lysafee was divided iat© 2 equal pagfes aad each 
pagfe was layeeed oveg a 10 ai cushiea of lysis buf ftg confeaiRinf 
200 sucgos(8o -Eh® cell nuclei wesQ- g«poved by eeafegi^ugafeioa ia 
feh© c©M (-e^e^. 400 Ep® g©g S fflinatQsSc ThQ uppeg. layeg 
(cyfeeplasaie estsacfe) wa© cagis£«lly gesovo^ sai sodiua 
dodeeylsulfafeQ (SBS> was addsd fee a f iaai coacdafegafeioa og ifto 
•Shis seiufeiea was €sfe?acfesd fewic© «ifefe aa. egesi voiuso- ©g phesiei. 
chlogogosa (Isi aixfetise) and fehQ SSJA was pgeeigifeafeed. by addinf 
2oS volusiss. of cold efehanelo- Tbo psecipifeafec^a Rm was collected 
by ceafeEigugatlea (11 miao afe 4006 epaS an<a gsauspQadQd ia OoOl H 
Tgis. pB 1 EBSAp 0o2S J3 NaCl (fE bugg®g plus 0c2i H NaCiS 

and gepg€cipifcafeed fey additioa of Zoh voiuses og cold ethanolo 
Finally, the RSIA was collecfeed by ceaferigugatioa aad geauspeaded 
in i i6l oi BjQo The giaai yield was 7oi mf o 

Mesaeages R£JA was isolafesd. f eoa thQ tefeal cy^opiasaic R£JA oy 
selecfeioa ©a olif© dS cqHuIoso.. 2oS of og feofeai RNA vjas heafesd 
fee IS® g©B iivQ aiaut<iSo NaCl was addod ^© Od sa and fefeo mh was 
allowed fe© cool to sooa teapesafeuseo This RKA wao passad oveg a 
oao ®1 eeluma og oiigo 4S coilulosQ equilibsafeed ia Tl * OoS a 
SaCl (bindiag buf fee) » Unbound RKA was eeraoved by wasbin? ehe 
coluan «stensiv«ly with bladiag buffsgo Bouad aessengee RMA was 
eiufcsd with 3 kI o£ S2O and pgecipitated by addition og Co2 mi 
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of 4 H Nad and 2.5 voluaas of cold ethanol. The pcecipitated 
mRNA was collected by centrifugatlon (30 minutes at 25,000 rpm) . 
The final pellet (appcoximately 100 ug) was cesuspended in 50 ul 
of H2O. 

step 2. rjrnr g«^Pani1 f"M* B^ae^ton 

20 ug Of PBL mWlA was diluted into a SO al cDNA synthesis 
reaction containing 100 sM Ttis. pH 8-4, 140 nM KCl, 10 loM: MgClj, 
10 nM 2-mescaptoethanol, 400 uM each of dATPr dGTP, dCTP, and 
dTTPr 5 ug of oligo-dT (average size 12-18) as ptinet, 25 uCi of 
32pdCTP (400 uCi/iOTole) and 2a units of the ribonuclease 
inhibitor RMAsin. The reaction was initiated by addition of 60 
units of reverse transcriptase at 37*C and incubated foe 30 
oinutes at 42-C.. The reaction was stopped by addition of EDTA to 
40 niM and extracted with an equal volume of HjO saturated phenol* 
The phenol phase was back extracted with 30 ul of TB buf fee. The 
aqueous phases were pooled. The cDNA/RHA hybrids were separated 
from unincocpocated triphosphates by passing the pooled aqueous 
phase over a 5 ml Sephacose <a.-4B column (purchased from Sigma), 
equilibrated with TB. The fractions that were excluded from the 
column were pooled, brought to 250 n« NaCl and the nucleic acids 
precipitated by addition of 2.5 volumes of cold ethanol. The 
hybrids were collected by centrifugatlon for 30 minutes at. 40,000 
rpm. The final pellet (2.5 ug of cDKA) was resuspended in 50 ul 
of B20. 
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gtap 3. fffffinil errand rmh Reaction 

second strand cONA was synthesized by the combined action of 
th. •nxyme. R, coll DMA Polymerase I, E-JiflU DMA llgase and U 
SsXi W»A«« a* reaction mixture (50 ul) contained 20 mM Tris, 

pH 8.0, 4 mM Mga2, 1.2 mM EDTA, 23 uM NAD, 100 uM each of dATP, 
dCTp! dCTP, and dTTPj and.SO uCX 32pdCTP (3,000 Ci/mmole) . The 
reaction was performed by adding 3 units ONA polymerase I, 0.5 
units DHA ligase, and 0.75 units of RHAs« S and incubating at 16' 
foe 18 hours, then at 37« for 1 hour, and then stopped by adding 
EDTA to 40 mM and extracted with an equal volume of phenol. The 
phenol phase was back extracted with 50 ul TB, the aqueous phases 
pooled, and the cDNA was separated f r -a the unincorporated 
triphosphates by chromatography on a Sepharose 0.-48 column as 
described obove for the first strand. Based on incorporation of 
32p, the first strand cONA was quantitatively converted to a 
double-stranded form. 

Step 4. nrf""*'^"^"*^ tir<>naratioa 

Homopolymeric C "tails- were added to the ends of the cDNA 
by gently heating 400 ng of cDNA in a. 50 ul reaction mixture 
containing 1 mM 2-«ercaptoethanol, 1 mM C0CI2, and 9 units of 
terminal deoxynuclectidyl transferase at 30-C for five minutes. 
The reaction vas stopped by the addition of £DTA to 40 mM and 
heating to 68-C for 10 mihutes. 200 ng of this tailed cONA was 
annealed with 500 ng of G-tailed ?AT153 ^purchased from Amersham) 
in 100 ul of 10 ^ Tris, pa 7.5, I mM EDTA, and 100 r-M «aCl. The 
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annealing reaction was performed at 57* for 2 hours after a 5 
ainute preincubation at 68*C. 

Step 5. aactgci?.! Tri^nsgogfflation 

The cDHA annealing reaction product was used directly to 
transform the F- coli strain MC1061, A f rash colony of bacteria, 
cells was used to inoculate 50 ad of L-broth and grown for 
several hours until the optical density at 5S0 nar was 0.2S. The 
cells were chilled on ice and. harvested by centrifugation (2000 
rpm foe 10 iRin«)« The pellet was resuspended in 10 nl of cold 
0.1 n CaCl2 and allowed to ait on ice for 10 minutes • The cells 
were collected by centrifugation (2000 cpa foe 5 stinutea) and 
resuspended in 2.5 ml of 0.1 M CaCla* 10 ul of the cOHA 
annealing reaction was then incubated with 200 ul. ef 
CaCl2*treatad bactsrial foe 30 minutes en ice and then for 2 
minutes at. 37*C« followed by addition of 0.8 ml of L-broth and 
final incubation for 30 minuter at 37*C. 

Twenty of these transformations were performed, utilizing 
ail of the annealed cONA. Each transformation mixture was spreac 
onto 1% Agar L-broth plates (15 cs diameter) containing 10 ug/ml 
tetracycline. Prom the twenty transformaticna a total of 20 such 
plates were spread and incubated overnight at IT^C. On the 
average approximately 1,500 bacterial colonies grew on each piate 
for a total of 30,000 clones. 
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Step 6. Rfgllfii Plating 

The original colonies growing on each plate were transferred 
to 137 ana nitrocellulose filters by presa'ing a dry filter on top 
of the colonies and lifting them off the plate. Two identical 
replicas were prepared f rbn each original filter by standard 
ceplica plating methods, in which each original filter was 
carefully placing methods , in which each original filter was 
carefully placed colony side up on a sterile square of filter 
paper (Whatman 3 MK) resting on a square piece of glass. A new 
pce-w«tted nitrocellulose filter was carefully aligned on top of 
the master filter^ covered with a second sterile square of filter 
paper and the complete sandwich then pressed together firmly with 
a second piece of glass. The sandwiched filters were numbered 
and 3 pinholes were punched through them asymmetrically so that 
they could be exactlu aligned agan In the future. The replica 
was then removed from the master and placed colony side up on a 
new tetracycline-ccntalning L-broth agar plate. A second 
sreplica was immediately prepared in identical fashion. Each 
master filter was returned to a plate and all of the plates were 
Incubated at 37* for several hours until the bacterial colonies 
had reached approximately 1 mm In diameter. The original master 
fUters were stored at 4«C and the replicas prepared for 
hybridisation as described below. 

Step 7.. P'-«r^r;.i-ien nf rtltffn ^'^^ HyhriHir^rion 

Each replica filter (Step 5) was placed colony side up on 
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filter paper (Whataan 3 KM) soaked In 0.5 M NaOH, 1.5 « NaCl for 
seven minutes. The filters were transferred to neutralization 
* filter papers, soaked in 1 m Tris, pH 7.5r l.S M Nadr for 2 
minutes and then transferred to a second set of neutralization 
filters for 5-10 minutes. Finally, the filters were placed on 
filters soaked in SSC buffer (O.OIS M Sodium Citrate, 0.15 M 
WaCl, pH 7.4) for five minutes, air-dried and baked ia sasaa at 
80*C for 1-2 hours. 

Step 8. T^f^'**^^^" '^f """^^ eionefl 

Duplicate filters were probed with the radloactively 

labelled pCSF-1 cDNA insert, prepared as described above in 
Example B. Some 20 colonies hybridized with the cDNA. Twelve 
of these were picked from the master filter and grown overnight, 
in L-broth for fucther analysis. Restriction enzyme digests- (fiSA 
D of DSA samples (rapid prep) from these clones indicated that 3 
were nearly full length. One of these has been sequenced. The 
sequence of the CSP coding region of this clone was identical to 
the corresponding sequence of pCSP-l (i.e. having a T at position 
36S-CSP(Ile)). 

EXAMPLE 0 

Purification of CSF from Mo Cell Line 

HO serum free conditioned medium (40 liters) was incubated 
at 55-C for 30 minutes to inactivate the HTLV-II virus associated 
with the cell line. This medium was concentrated by pressurized 
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<1<,S square «.«e) «hich has a 10.000 miiMuUi ««i9hft eue-o£«. 

P5«eipi<:aeian (SOft s.feu^tion). th« final gscMin palUe <800 
mq) ««a sestisp««<3e<3 in "J- o2 26 aSJ 

Wi»(hyaeoBy»««iyl)»miBO«.6h»no hyasocfeloeida (SEis-saS , pB 
ana diaiys^a tha b««g.r <3 «i«» « Ut« 

changes essfe 6i««>= The diayse* geeesie «*>s aggiioa 6e a 2.S s 
le ^ eelusa og DE*I (di.«iyl«.inoathyl>=«lfe"Sei «3uUib.a68d in 
tns ««« b«««... Tha csi-"* ««s ""X*^ «1 eg 30 «a 

TEis-aCi. PB than 6bo CSf aeemfty ei"*** ««« 

■ Kis-HCl„ PH eoneainins O.ia H HaCio 10 ^ 

cell«c6»d and aaaayad e«s CSPo Tha aeei^o gMeeieaa <3» 
„osa peoled. and coa«n*raead 6 £eld (W S f>ii by psassa^isad 
Bltea£ilfe.aeion (M.i«n Kss'nambrana. 5.008 aei«»iag ««i9Se 
cu6-ol£l . lae ceneeaSgaMd sample 2sob tHe DBAS «!«■« ««» 
appliad ee c l.S a 100 ca fteAM ulMesei (as. ae^ylasidQ afafoaa 

■ alMegal ha*ia^ 10 fee 136 Baifeea gMeeianafeieaJ eeloea 
^BiUbsaead IE 2® BB 8-2-feydEOBy9fehylpipogasias-»=2-afehano 
,„lfo«ie aeid (HEfESJ. PB SO =M wacl. and O.OIS pely«.hyl««« 
«lyc.l (SM-8000) . CSf acfeivifey .l»fe.d 2^08 tha cel»™ «i«» an 
apparent .ele^uUr weight of 30 H Oalton.. Th. actlva 

metlons w«e pooled and brought « 0.1S« (v/^) 
nuoroacetlc ac.d (Xr., by addition of 10» and appUed to 
« vydae C« tave„« pha,« coluBn <1 ^ 2S ««> . column «a« . 
davalopad «ith a lin.a. ^.adi.nfe og 0-90. acafeoniKila in O.U 

at * .i/»in tl.OOO -a fe««« . ""i"'''' '^""^ 
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at appcoximately 47% (v/v) acetonitrile. The pooled active 
fcactiona were brought to 0.05% (v/v) heptafluorobutyric acid 
(HFBA) by addition o£ one half volume of 0.13% (v/v) HFBA and 
applied to a Vydac C4 column (0.46 x 25 cm) equilibrated in 0.15% 
(v/v) HFBA* The column was developed with a linear gradient of 
0-90% (v/v) acetonitrile in 0.15% (v/v) HFBA at 1 ml/min. (340 ml 
total) . The CSP activity eluted at about 53% (v/v) acetonitrile. 
Fractions 37-44 (1 al each) were found to be active* 0.15 ml of 
fraction 40 was concentrated 4 fold (using the SAVAHT Speed vac 
concentrator) and 40 ul of 2 x SOS gel sample buffer added (0.12S 
M Tris-HCl, PH 6.8, 4% SOS, 20% glycerol and 0.004% Bromophenol 
blue) . These samples were boiled for 2 minutes and applied to a 
13,5% Lammii, 0. M^i^nra 221, 680 (1970) SOS gel (See Figure 2). 
Fraction (MO) was determined to have 110,000 bone marrow CSF 
units/ml. This corresponds to about 3.0 x 107 units per Ajso 
abaorbance unit. Since typical proteins have extinction 
coefficients ranging between 0.8 and 1.2 A28O «nit per milligram, 
the purified CSP had a specific activity in the range of about I 
X 107 to about 4 x 1Q^ units per mg in the bone marrow assay. A ' 
1 ug sample of purified GM-CSF was submitted to Edman Degradation 
using the Applied Biosystems Gas Phase Microseguenator . The 
sequence of residues 3 through 5 was determined to be Ala^ Ae9 
Ser. 
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EXAMPLE E 



Cotransf ormation and Amplification of CSP Sequence in 
CHO Cells Plasmid p91023(B)-CSP was introduced into CHO DHFR 
deficient cells DUKX-Bll (Chasin & Orlaub PNAS 77:4216, 19«0) 
by protoplast fusion as described ( Sandri-Goldin et al. Mol. 
Cell. Bio. 1 743-752, 1981). The growth and maintenance of 
the CHO cells has been described (Kaufman * Sharp, J. Mol. 
Bio. 150 601-621 1981). For protoplast fusion, p91023(B)-CSP-l 
was introduced into E. Coli HBlOl and bacteria grown in 50 
ml of m9 salts containing 0.5% casainino acids, 0.4% glucose, 
0.012% MgS04, 5ug/ml thiamine, and 10 ug/ml tetracycline 
to an absorbance of 0.6 at 600 nm. Chloramphenical was added 
to 250 ug/ml and the culture incubated at 37«C for an 
additional 16 hours in order to amplify the plasmid copy 
number. The cells were centrifuged at 3,000 x g for 10 min. 
at ^-C and suspended in 2.5 ml of chilled 20% sucrose in 
50 mM Tris-Cl pH8.0. Lysozyme was added (0.5 ml of a 5rag/ml 
solution in 0.25M Tris-Cl pH8.0) and the mixture held on 
ice for 5 min. EDTA (1 ml of 0.25 M EDTA pH8.0) was added 
for an additional 5 min. on ice, and then 1.0ml of 0.05 M 
Tris-Cl pH8.0 was added slowly. The suspension was incubated 
for IS minutes at 37-C until the bacteria were converted 
to protoplasts. The suspension was then slowly diluted with 
20ml of prewarmed medium containing 10% sucrose and 10mm 
MgCl and held at 37«C for 15 min. The solution of protoplasts 
(approximately loVml) was added to CHO, DHFR deficient DOKX- 
Bll cells in a 6-well plate (approximately 1X10 cells/well) 
at a ratio of approximately 1-2X10^ protoplasts/cell and 
the protoplasts were pelleted onto the cells by centrifuging 
at 2000 RPM for 8 min. in a swinging microtiter dish rotor 
of an lEC Model K centrifuge. After centrifugation, the super- 
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natant was removed by aspiration. A 2 ml amount of polyethylene 
glycol solution 50 g of PEO - 1450, (Baker Chem. Co.) in 
50 ml of medium was added to each well of the 6-well plate). 
The cells were again centrifuged at 2000 RPM for 90 seconds, 
the polyethylene glycol solution, removed, and. the plates 
rinsed 3 times with 4ml of medium/well. Cells were then try 
psinized, suspended in 10ml media containing 10% fetal calf 
serum, and centrifuged in a conical tube at 500 RPM in a 
clinical centrifuge. Pelleted cells from 3 wells were pooled 
and plated into a 10 cm tissue culture dish. Fresh medium 
containing 100 ug/ml of kanamycin, thymidine, adenoxine, 
deoxy adenosine, penicillin and streptomycin and 10% dialyzed 
fetal calf serum was added to each plate. The kanamycin was 
included to prevent the growth of any bacteria which had 
escaped conversion to protoplasts. ■ 

Two days later the cells were subcultered It 15 into 
alpha-media with 10% dialyzed fetal calf serum, penicillin 
and streptomycin, but lacking the nucleosides. Cells were 
then fed again with the same selective media (lacking nucleo- 
sides) after 4-5 days. 

Colonies appeared 10-12 days after subculturing into 
selective media. Two schemes for methotrexate (MTX) selection 
and amplification have been followed. In the first scheme, 
single independent cloned trans formants were isolated on 
the basis of DHFR expression and subsequently each clone 
was propagated under conditions to amplify the copy number 
of the foreign DNA i.e., growth in increasing concentrations 
of methotrexate. In the second scheme a pool of multiple 
independent trans formants was isolated on the basis of DHFR 
expression and propagated together under conditions to 
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r 



amplify the foreign DNA, i.e. growth in increasing concentra- 
tions of methotrexate. Then individual clones were isolated 
from the mass selected population and analyzed for GM-CSP 
expression. Those clones exhibiting highest levels of GM-CSF 
expression were grown again under conditions to further amplify 
the foreign DNA (i.e. growth in increasing concentration 
of methotrexate in the culture media) • 

In one experiment, seven DHFR* transformants were pooled 
into alpha medium lacking nucleosides. These cells were sub- 
sequently grown in stepwise increasing concentrations o£ 
MTX starting at 0.02 uM then steps to 0.1, O.S and 2.0 uM» 
MTX. When assayed for GM-CSP activity in the K6-1 cell assay, 
these cells produced from 3,000 to 12,000 units per ml. The 
selected population was cloned 0.5 uM-MTX and in 2.0 uM»MTX. 
Clones obtained in 0.5 uM-MTX (010, D2, and B€) were subse- 
quently selected for growth in 2.0 uM- MTX. When assayed for 
GM-CSP activity in the KG-1 cell assay, the cloned cell lines 
produced from 15,000 to 300,000 units per ml of GM-CSP 
activity. The GM-CSP produced according to this Example has 
the amino acid sequence given for CSF-Thr in Figure 1. 

EXAMPLE F 

EXPRESSION OF GM-CSP IN E. COLI 

GM-CSF was expressed in E. coli from vector pTALC-185R, 
a diagramatic description of which is provided in figure 
6. The GM-CSP encoding sequence begins with the synthetic 
sequence ATG-CCA-CCA-CCT»CCT-TCT«CCA-TCT*CCA«TCT-ACT, which 
determines the intitial 11. amino acid residues of mature 
GM-CSP. The remainder of the GM-CSP encoding sequence in. 
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PTALC-18SR is identical to that of pCSF-1, nucleotides 97-447> 
followed by the sequence TAR- TAR. TAG. Immediately following 
the triple terminator there is the pUC-18 polylinker. The 
tetracycline resistance gene from pBR322 has been inserted, 
in the opposite orientation to the CSP gene, 100 bases down- 
stream from the pOC-18 polylinker. The tetracycline resistance • 
gene carries, its own promoter. Continuing counterclockwise 
there is next the gene f or yff- lactamase followed by the pUC-18 
(CoLEl) origin of replication. 

The final structural feature of the plasmid before re- 
turning to CSF sequences is the PL promoter. This promoter 
is essentially as described by A. Skatxman and M. Rosenberg 
(in "Molecular cloning, a laboratory manual" (1982). Cold 
Spring Harbor Laboratory, page 419). CSP expression is driven 
by the PL promoter after thermal induction in a suitable 
E. coli host strain. 

The parental strain used for all the strain constructions 
was W3110 lacI°L8 (R. Brent and M. Ptashne PNAs 78 (1981) 
4204-4208. 

A fragment of X DMA (A- nucleotides 34499 to 38214) was 
integrated into the chromosome of W3110 lacI°L8 at the lac2 
locus. The integration was performed using an integration 
vector composed of pBR325 sequences carrying the genes for 
chloramphenicol and ampicillin resistance as well as- the 
PBR322 replication origin. (F. Bolivar Gene 4 (1978) 121-136). 
TheAONA fragment is inserted into the lacZ gene, which itself 
is present on the plasmid as a fragment extending from the 
-BstEil site in Lad to a Tthilll. site downstream of lacZ. 
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Integration of theADNA into the chromosomal copy of 
lac2 was achieved by homologous recombination and lac , 
anplcillin sensitive, chloramphenicol resistant colonies 
were found. A second recombinational event leading to the 
removal of all extra plasmid sequences but leaving theADNA 
fragment integrated was screened for on lactose-MacConkey 
plates. The initial lac*, amp^, cam^ phenotype changed to 
a lac", amp^, cam^ phenotype following the second recombi- 
national event. The resulting strain was called GL400 and 
wasA^ at 30« andA^ at 42«. This phenotype demonstrates 
the existence of a functional chromosomal copy o£ the CI 
allele. 

GL400 was rendered Ion" by PL transduction from a lysate 
grown on strain SG20252 (lacAul69, araAl39 £231 lona 100s t 
TnlO). The TnlO was cured by screening for Tet on selective 
media (s! Maloy, W. Nunn J. Bacterid. 145 (1981) 1110-1112). 

The final host strain was called GI413 llacl°L8, LacZA- 
(ACI, REX, N), lonAlOO). 

PTALC-185R was transformed into GI413. An overnight 
culture of this strain was grown at 30-C in Smls of- induction 
medium containing Tugml"^ tetracycline. Induction medium 
contains, per liter: 

20g Casainino Acids 
6g Na^HPO^TH^O 
3g KH^PO^ 
0.5g NaCI 
Ig NH^CI 
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1% glycerol 
2mg vitamin Bl 
2mg CaCl2.2H20 
0.2g MgCIj.fiHjO 

This mediuta (25inls), containing Tugml'^ tetracycline, 
was innoculated with 125ul of the overnight culture and shaken 
at 30»C in a water bath until the culture reached a density 
of AgjQO.S. It was then rapidly moved to a 40* water bath 
and shaken for a further 2 hours to allow synthesis of GM-CSF. 
Cells were harvested and checked for their content of CSP 
by SDS-polyacrylamide gel electrophoresis. Under these con- 
ditions GM-CSF accumulates to approximately 5% of the cellular 
protein. 

EXAMPLE G 

Expression of GM-CSF in Saccharomyces Cerevisiae 
A. Vector Construction 

A plasmid was constructed which contained the gene for 
an enzyme in the uracil biosynthetic pathway (URA3) as a 
selection gene and the 2u origin of replication. This plasmid 
was derived from YlpS (Botstein et al.. Gene 8, pp. 17-24 
(1979)) with the addition of a fragment containing the origin 
of replication from the 2 micron plasmid of yeast. 

B, Isolation of the gene for Glyce raldehyde Phosphate 
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Dehydroqenese (GPDH) 

TWO genes for GPDH have been isolated from yeast (Holland 
and Holland Journal of Biological Chemistry 255 pp 2596-2605 
(1980)). An oligonucleotide probe synthesized from the pub- 
lished sequence was used to isolate a GPDH gene f rota a plasmid ' 
library of yeast genomic DNA by standard methods. A plasmid 
containing the entire GAP491 gene has been deposited previously 
(ATCC No. 39777). 



C. 



pr«» paratiQn of the (^lyceraldehvd e phosphate dehydrogenase 
promoter for heterologous gene expression 

A plasmid was constructed which allows for the natural 
spacing of the GPDH promoter from the start of the desired 
heterologous structural gene. This was accomplished by in- 
troducing a Kpnl site immediately adjacent to the initiator 
methionine codon of the GPDH structural gene. The promoter 
"cassette- was then inserted into the yeast expression vector 
YOpl. 

D. Isolation of the g ene foroC factor 

A gene for theo< factor mating pheromone has been isolated 
from yeast (Kurjan and Herskowitz Cell, Vol. 30, pp. 933-943 
(1982)). An oligonucleotide probe synthesized from this 
sequence was used to isolate the gene from a plasmid library 
of yeast genomic DNA by standard methods. 

E. Preparation of the C SF Expression Plasmid 
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From the elements described above, and the human CSF 
gene, an expression vector (AJ14, Figure 7 ) was constructed 
by standard methods. In this vector, the natural leader 
sequence of CSF has been removed and the sequence coding 
for mature CSF has been inserted adjacent to the c< factor 
pre-pro sequence. The junctions between the GPOH promoter, 
o< factor pre-prb sequence, and mature CSF sequence are precised 
(bielow) and have been confirmed by dideoxynucleotide sequenc* 

ing. AAATAAAC AAAATG . CGTTTTCCTTCA AAA AGA GAG GCG GAA 

GCT.GCA CCC GCC CGC TCG... 



F. Expression of GM-CSF 

The plasmid AJ14 was transformed into a strain of 
Saccharomyces Cerevisiae. Cells were cultured to produce 
CSF. 
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In accordance with the above the foilowing specific 
embodiments of the invention are i.a. envisaged and form 
part of the invention: 

1. A method for preparing and isolating a transformation * 
vectoc containing CSF/cDNA, said method comprising: ^ 
preparing RNA from a ceil that produces CSP; 
preparing polyadenylated messenger RNA from said RNA; 
preparing single stranded cDNA from said messenger RNA; 
converting the single stranded cONA to double stranded 

cONAi 

inserting the double stranded cDNA into transformation- 
vectors and transforming bacteria with said vector to form 
colonies; 

picking pools of 200 to 500 colonies each and isolating 
plasfflid ONA from each pool; 

transfecting the plasraid DNA into suitable host cells 

for expressing CSF protein; 

culturing the, transf ected cells and assaying the 

supernatant for CSP activity; and 

selecting CSP positive pools and screening the colonies 
used to make the pool to identify a colony having CSP activity. 

2« The method of i wherein said cell that produces 
CSF is a T lymphocyte cell* ^ 

3. An eukaryotic cell that secretes protein, said cell 
being transformed by the expression vector prepared by the aethed 
of I. 
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4« The cell o£ 5 wherein said cell is a manunalian 

cell. 

5. the method of 1, further comprising isolating the 

DNA coding for CSP pcoteln f coa the colony having CSP activity, 
and insetting said ONA coding for CSP into an expcesaion vector 
having a promoter heterologous to the CSP DNA. 

6. A cell transformed by said expression vector prepared by 
the method of 5 . 

7. The cell of. 6 wherein said cell is prokaryotic, 

8. The cell of 6 wherein said cell is eukaryotic* 

9. cDNA that codes CSP. 

10. CDNA having the nucleotide sequence illustrated in Pig. 

1. 

11. An expression vector comprising cDNA coding for CSP. 

12. An expression vector comprising a nucleotide sequence 
illustrated in Pig- !• 
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13 • A transformed cell comprising the expression vector of 

11 or an allelic variation thereof. 

14 A transformed cell comprising the expression vector of 

12. 

15. The cell of 13 wherein said cell is prokaryotic. 

16. The cell of 14 wherein said cell is prokaryotic. 

17. The cell of 13 wherein said cell is eukaryotic. 

18. The cell of 14 wherein said cell is eukaryotic. 

19. The cell of 17 wherein said cell is a yeast cell. 

20. The cell of 18 wherein said cell is a yeast cell. 

21. The cell of 17 wherein said cell is a mammalian 

cell. 

22. The cell of 18 wherein said cell is a mammalian 

cell. 

23. The cell of 17 wherein said cell is an insect 

cell. 
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24. The. cell o£ 18 wherein said ceil is an insect 
cell, 

25. CSF protein made by expressing cDNA coding for CSP in a 
transformed cell* 

26« The protein of 25 wherein said cell is a 
prokaryotic cell. 

27. The protein of 25 wherein said cell is a. 
eukasyotic cell* 

28. The protein of 27 wherein said cell is a yeast 
cell* 

29 • The protein of 27 wherein said cell is a mainntalian 
rell* 

30* The protein of 27 wherein said cell. is an insect 
cell. 

31. CSF protein substantially free of the protein of native 
origin* 
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32. The CSP protein of 31 substantially free of 
protein of human origin. 

33. CSP protein substantially free of glycosylation, 

34. CSP protein glycosylated by expression of cDKA coding 
for CSP protein in a transformed eukaryotic cell. 

35. The CS? protein of 34 wherein said eukaryotic cell 
is a maDOialian ceil or an insect cell. 

36. CSP protein made by expressing cOSA having the 
nucleotide sequence illustrated in Pig. 1. 

37. The protein of 36 wherein said cell is a 
peokaryotic cell. 

33. The protein of 33 wherein said cell is a 
eukaryotic cell. 

39» 'I'he protein of 38 wherein said cell is a yeast 
cell. 

40. The protein of 38 wherein said cell is a manunalian 
cell. 
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41« the pcotein ot wherein said cell is an insect 
cell* 

42. Hunan CSP protsin having substantially the amino acid 
sequence illustrated in Pig. 1 or an allele variation feherecf . . 

is . . 

43. The CSP pcotein of 42 wherein said CSF is 
.CSP(Thc) • 

44., The CSP pcotein of 42 wherein said CSF is 
CSPdle). 

45. The CSF pcotein of 42 wherein said CSF is Met-CSF. 

46. The CSP pcotein of 42 wherein said CSF is a 
nixtuce of CSP and «et-CSP. 

47. A therapeutic composition for the treatment of 
ar/elo-suppreasion ooiopriaing a myelo-suppcesaion tceateent amount 
of CSP protein in a pharmacological carrier. 

43. A method for the treatment of nanmals having 
myelo-suppression, said cetbod corapriaiag treating said ttiuiDil 
with CSP protein, 
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49« Th« nethod o£ 48 wherein said' treating step .. 
comprises intravenously injecting said maaunal with a therapeutic 
composition comprising CSP protein in a pharmacological carrier. 

50. A method of treating mammals to increase the number of - 
circulating granulocytes r said method comprising treating said 
mammal with an effective amount of CSF protein. 

51. Gibbon CSF having substantially the amino acid sequence 
illustrated in Fig, 1 or an allele variation thereof. 

52. The CSF protein of 51 wherein said CSF is 
CSFdhr). 

53. The CSF protein of 51 wherein said CSF is 
CSF (He). 

34. The CSF protein of 51 wherein said CSF is Met-CSF. 

3S.. The CSF protein of 51 wherein said CSF is. a 
mixture of CSF and Met-CSF. 
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56. A method foe purifying CS? protein from a mixture of 
proteins suspended in aqueous medium, said method comprisings 

precipitating the protein with anuooniun sulfate at 80* 
saturation to form a pellet containing the CSP protein; 

reauspending the pellet in a buffered solution at a pa in 
the range of about S to about 8| 

applying the buffered solution containing CS? to a 
chromatographic column, elutlng the CSF activity with the 
buffered solution containing sodium chloride and collecting the 
fractions having CSP activity; and 

pooling the active fractions, applying the pooled fractions 
to a C4 reverse phase column and eluting the CSP activity with a 
C to 30% acetonitrile gradient to collect the tractions 
containing CSP activity. 

57. The method of 56 wherein said buffer Is selected 
from tris(hydroxymethyl)aminomethane hydrochloride, 
N-2-hydroxyetbylpiperaxine-N-.2-ethsne sulfonic acid and sodium 

citrats» 

58. The method of 56 wherein the chromatographic column 
is loaded with qctylsepharose, diethylamino-ethyl-ultrogel or 
acrylamide-agarose-ultrogel. 
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59. Th« n«thod 0« 56 wherein prior to applying the 
pooled f taction, to tb. C4 eoluan, th. 'pcoltd «c«etlona «ce 
treated with the aeetonlttll. 9t.dUnt In • trUluotoacetlc acid 
.olatlon ot a h.pta£luotobutyrlc add solution, respectively. • 

If 

60. The method o£ 59 wherein the concentration of 
tcifluoioacetic acid oc heptaf luorobutytlc acid in th. .luting 
aolution ia oao% or 0.15% (v/v), respectively. 

61 The method of 56 wherein the aqueous medium 
eontalnln, CSF protein I. first treated with a»»oniu. sulfate at 
:a» saturation to precipitate protein and the supernatant tor th. 
c Chaining steps. 

62. The method of 56 wherein after the step of 
preclpltatm, tn. protein with a«»onlua sulfate to for» a 
pellet, the aethod comprlsesi 

resuspendln, the pellet In a solution of Itls-aCl and 
dlalyxln? the tesultlnf solution; 

applym, the dlalysed solution to a cal»«« of DEAE-ultra,.l, 

•lutm, the colunn with a solution of Trl.-HCl cont.lnlnr.t 
0.1 (I HaCl and collectln, th. fraction, containln, csr . 

activity; ■ ^ 

poollB, the active fraction, and applying the pooled 
. tractions to a colu«n containln, AcA44-ultro,el equilibrated with 
■ a solution of H£P£S containin, Nad and polyethylene glycol; 
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eluting the column with a solution of HEPES with Nad and 
polyethylene glycol and collecting the fractione containing CSP 
activity I 

pooling the fractions containing CSP activity and treating 
the pooled fractions with trif luoroacetlc acid> 

applying the trif luoroacetic acid treated pool to a C4 
reverse phase column, eluting with a 0 to 90% acetonitrile 
gradient in a trif luoroacetic acid solution and collecting the 
fractions containing CSF activity; 

pooling the fractions containing CSP activity^ treating the 
pooled fractions with heptaf luorobutytic acid and applying the 
treated solution to a second C4 reverse phase col uamj and 

elucing the second C4 reverse phase column with a 0 to 90% 
acetonitrile gradient in a heptaf luorooutyric acid solution to. 
collect the fractions having CSP activity, 

63. The method of 56 wherein after the step of 
precipitating the protein with ammonium sulfate to form a 
pellet, the method comprises i 

resuspending the pellet in a sodiium citrate solution 
containing Nad and applying the solution to a column containing 
acrylamide-agarose-ultrogel equilibrated in the same buffer; 

eluting the column with a solution of sodium citrate and 
Nad and collecting the fractions having CSP activity; 

pooling the fractions having CSP activity, treating with 
trifluoroacetic acid and applying the treated solution to a C4 
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revecsa phase column; and ^ 

elutlng the column with a 0 to 90% acetonitrile gradient in 
a trifluocoacetic acid solution to collect the fractions having 
CSP activity. 

64. CSP protein having a specific activity of at least about 
1 X 107 units/mg in the bone marrow assay. 

• 6S. The CSP protein of 64 having a molecular weight in 
the range of about IS ,000 to about 26,000 Daltona. 

66. The CSF protein of 64 having a specific activity of 

at least about 4 x 10? units per mg of protein in the bone marrow 

assay. 

67. The method of 56 wherein said CSF is purified from 
a MO cell conditioned medium. 

68. The method of. 56 wherein said CSF is purified from 
a medium obtaind by culturing cells transf acted with a 
recombinant vector containing an expressible CSP gene. 

69. The method of 56 wherein said CSF is purified from 
a medium obtained by culturing COS cells transfected with 
p91023(a)-CSP. 
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70* A method of producing a primate colony stimulating 
factor (CSF) protein, which comprises inserting a gene coding . 
for such protein into an appropriate vector, transforming 
said vector containing said gene into eukaryotic or prokaryotic 
host cells and expressing and isolating said CSF protein. 

71.. A method according to 70, in which the CSF protein 
is human granulocyte-macrophage CSF. 

72. A method according to 70, in which the CSF protein 
has the amino acid sequence shown for CSF-thr in Fig. !• 

73. A method according to 70, in which the CSF protein 
has zhe amino acid sequence shown for CSF**ile in Fig. 1. 

74. A method according to 70, in which the CSF protein . 
is Gibbon ape granulocyte-macrophage CSF. 

75. A method according to 70, in which the CSF protein 
has the amino acid sequence shown for CSF-G in Pig. 1. 

76. A method according to 70, in which the CSF protein 
is a protein corresponding in amino acid sequence to a 
naturally occurring CSF, except that one or more amino acids 
has been added, substituted or removed without substantially 
affecting the biological activity of the natural CSF. 

77. A method according to 76, in which the CSF protein 
corresponds in amino acid sequence to a natural CSF protein 
except that one or more cysteine residues have been replaced 
by residues of other amino acids/ 
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78. A method according to 77,. in which the CSF protein has 
the amino acid sequence of a natural CSF except that it is 
proceeded by a methionine residue. ' 

79. CSF protein of 42, 43, 45, 46 in mature form. 

80. CSF protein of 42, 43, 45, 46 containing a signal 
potent later start region. 

81. CSF protein having 127 amino acids.. 

82. CSF protein obtainable by expressing E. coli MCtOSi 
deposited in the ATCC under the number ATCC 39754 or the 
127 amino acid CSF coding nucleotide sequence of plasmid 
p91023(B)-CSF deposited therein • 
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WE CLAIM 

1. Recombinant CSP protein, 

2. CSF protein having a specific activity of 1 x 10^ 
units/mg in the bone marrow assay. 

3. CSF protein as claimed in claim 2 which is recombinant 
CSP protein. 

4. CSF protein as claimed in claim 1 which is human 
granulocyte-macrophage CSF. 

5. CSF protein as claimed in claim 1 which has the 
amino acid sequence shown for CSF-thr in Pig. 1, or CSF-ile 
in Fig. 1^ or CSF-G in Fig. 1. 

6. A CSF protein as claimed in ^ • claim t 
which contains the amino acid sequence as shown in 

Fig. 1 commencing with Ala^Pro ... or wherein the amino acid 
sequence commencing Ala *Pro ... is proceeded by a methionine 
residue. 

7. A CSF protein according to claim 1 which is a CSF 
protein corresponding in amino acid sequence to a naturally 
occurring CSF, except that one or more amino acids has been 
added r substituted or removed without substantially affecting 
the biological activity of the natural CSF. 

8. A CSF protein according to claim which is a CSF 
protein having the amino acid sequence of a natural CSF except 
that it is proceeded by a methionine residue. 
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9. A method of producing a CSF protein as claimed in 
claim 1 which comprises isolating said CSF protein as expressed 
from eukaryotic or prokaryotic host cells into which has 
been transformed a vector, said vector having inserted therein 
a gene coding for said CSF protein. 

10. A method as claimed in claim 9 wherein expression 
occurs from an E. coli, CHO or yeast. 

11 • A method for preparing and isolating a transformation 
vector containing CSF/cDNA, said method comprising: 

preparing RNA from a cell that produces CSF; 
preparing polyadenylated messenger RNA from said RNA; 
preparing single stranded cDNA from said messenger RNA; 
converting the single stranded cDNA to double stranded 

cDNA; 

inserting the double stranded cDNA into transformation 
vectors and transforming bacteria with said vector to form 
colonies; 

picking pools of 200 to 500 colonies each and isolating 
plasmid DNA from each pool; 

transfecting the plasmid DNA into suitable host cells 
for expressing CSF protein; 

culturing the transfected cells and assaying the 
supernatant for CSF activity; and 

selecting CSF positive pools and screening the colonies 
used to make the pool to identify a colony having CSF activity* 
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12. A method for purifying CSF protein from a mixture of 
proteins suspended in aqueous medium/ said method comprising: 

precipitating the protein with ammonium sulfate at 80% 
saturation to form a pellet containing the CSF protein? 

resuspending the pellet in a buffered solution at a pH in 
the range of about 6 to about 8; 

applying the buffered solution containing CSF to a 
chromatographic column, eluting the CSF activity with the 
buffered solution containing sodium chloride and collecting the 
fractions having CSF activity; and 

pooling the active fractions, applying the pooled fractions 
to a C4 reverse phase column and eluting the CSF activity with a 
0 to 90% acetonitrile gradient to collect the fractions 
containing CSF activity. 

13. cDNA, or an expression vector coding for CSF 
according to claim 1, ' 

14. A pharmaceutical composition comprising a CSF 
according to claim 1, or CSF according to claim 1 for use 
in therapy. 

15. A method of treating infection or granulocytopenia 
or activating neutrophils in animals which comprises 
administering CSF of claim 1 to an animal in need of much 
treatment, or use of CSF according to claim 1 for use in 

the manufacture of pharmaceutical compositions for such method- 
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16. A pharmaceutical composition Icoraprising a CSF pre- 
pared according to the process of claim 12. 

17. A method of treating infection or granulocytopenia 
or activatin neutrophils in animals which comprises 
administering CSF of claim 12 to an animal in need of much 
treatment, or use of CSF according to claim 12 for use in 

the manufacture of pharmaceutical compositions for such method. 

18 . CSF protein obtainable by expressing E. coli MCI061 
deposited in the ATCC under the number ATCC 39754 or the 
127 amino acid CSF coding nucleotide sequence of plasmid 
p91023(B)-CSF deposited therein. 
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6CT 66A68 ATS T66 CT6 CAS A6C CIS CIS CTC TT6 6GC ACT GTS 6CC T6C 

RET Trf IM Sin Str L«« Ittf leu Itu 6I9 ThP V«l AU Cy« 

80 

, CSF-G A'! CSF-6 

▼ T 8 

A6e ATC TCT 6CA CCC GCC CGC TC8 CCC A6C CCC A6C ACS CAS CCC T6S GAS CAT 

thr S«P «• ^ ^* ^ 

MS 

8T8 AAT 6CC ATC CAS GAS GCC C66 CST CTC CT8 AAC CT8 AST A6A SAC ACT 6CT 

Val Asfi AU lU Sin Stu Alt. Arf Apf Ltu Ltii Am Ltu S«f Arf Asp Thr All 

290 

lit CSF-G V»l CSF-G. 

A 8 
GCT GAS ATS AAT 6AA ACA 6TA GAA 6TC ATC TCA 6AA ATS HT 6AC CTC CAG GAS 
Ala Gla m A«n 6t« Thr Val 6ta Vat lit S«p 6tii 8ET PtM Asp Ltu Slii 6I11 

2A0 

S T 

CCS ACC TSC CT* CAS ACC CSC CTS GAS CIS TAC A»8 CAS G6C CTS CAS 6BC AGt 

Pro TMr C9S Uu Sin Thr Arj Ltw Gin Lt« Typ Lys Sin SI9 Its Arf 6I9 S«r 

320 

CTC ACC AA8 CTC AAS GGC CCC TT8 ACC ATS ATS GCC A6C CAC TAC AA8 CA8 CAC 
Lm. Thp Lys Ltu Lys Cli| Pre Ltu Thr ACT ItCT AU S«p Hlv Typ Lys Sin Hit 

lit CSF-ile 
A S T 

• TSC CCT CCA ACC CCS GAA ACT TCC TBT GCA ACC CAS ACT ATC ACC TTT 6AA A8T 
Cur Pro Pro Thr Pro Stu Thr Str Cys AU Thr 61n Thp lit Thr Pht Blu S«r 

100 . 

- 380 - 

ThP CSF-G 

C 

TTC AAA GAS AAC CTS AAS 6AC TTT CT8 CTT GTC ATC CCC TTT GAC TGC T6S GAS 
Pht lys Slu Asn LtU: Lys Asp Pht Ltu Ltu Val lit Pro Pkt Asp Cyt Trp Gtu 

450 4M 470 480 490 SOO 

Gty CSF-G 
6 

CCA GTC CAS GAS TGA GACCG6CCA8 ATGAGGCTG6 CCAAGCC6GS GAGCT6CTCT CTCATGAAAC 

Pro Val 6U Glu . 

•127 

SIO S20 S30 340 SSO 9«9 370 

A e -8 

AAGA6CTGGA AACTCAGCAT 66TCATCTT6 CAGGGACCAA G6GGTGG6CC ACATCCAT6S T6G8A6T68C 
380 S?0 ibO AiO 620 A30 A40 

CGGOACCTSe CCT666CCAC ACTGACCCTS ATACA6GCAT 6GCA6AA6AA T668AATATT HATACTGAC 

«30 m 670 680 690 790 710 

A6AAATCA6T AATATTTATA TATTTATATT TTTAAAATAT TTATTTATTT ATTTATTTAA BTTCATATTC 

720 730 740 730 760 770 780 

CATATTTATT CAA6AT8TTT TACC8TAATA ATTATTATTA AAAATAT8CT TCTAAAAAAA AAAAAAAAAA 
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